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Introduction 


The sediments to be described were collected by E. Norin in 1934 at the 
eastern outskirts of the town of Kiukiang during an excursion together with 
P. 'TEILHARD DE CHARDIN, G. B. BarBour, and J. S. Lee in the basin of the 
Yangtze River. The sediments are beautifully exposed in the steep front of the 
broad terrace upon which the town stands and which here flanks the Yangtze, 
the edge rising some 30 m above the river. This terrace which is known as the 
Yiihuat’ai terrace, has been studied and described earlier by G. B. BARBOUR 
(1935) and by ‘TEILHARD DE CHARDIN and C, C. YOUNG (1935). 

“The Yuhuatai platform is unquestionably the best preserved and the most 
characteristic physiographical element observed in the lower Yangtze basin. All 
along the valley, between Nanking and Hankow, this 30-meter high built 
terrace is clearly observable, always keeping the same essential composition as 
in the type locality of Nanking: a very distinct basal horizon of conglomerate 
and sand, capped by a variable thickness of vivid red, generally vermiculated 
clay.” (TEILHARD et al., 1935 b, p. 167). A section at Anking was more closely 
investigated by BarBour (op.cit., p. 69) who distinguished the following se- 
quence of strata in descending order: 


6. Overburden of soil, rewashed red loam, derived gravel, etc. 2-8 feet. 
5. Brown manganiferous clay hardpan 2-3 feet. 
4. Tough cellular laterite grading down into zone 3 2-6 feet. 
3. Vermiculated red-clay, extending down into zone 2 to different 
depths depending on fineness of material. 
2. Gravel with intercalated cross-bedded ferruginous sand ZO, teet, 
Unconformity. 


1. Pukow sandstone of Lower Tertiary age. 


BARBOUR states that ‘“‘the structural relationship of the zones as well as 
general physico-chemical principles show that two climatic stages were invol- 


7 —593278 Bull. of Geol. Vol. XXXVIII 


go BENGT LINDQVIST 


5 Ww 

jee 

_soil 

s . ope hs 

Sy 5 $$ E§- FF Ss, eh aa 

« TETEP OMIA raat itis a 

a fert repbi ees Sates Sots ees Ones eee 

eee Soe oe 


Fig. 1. Section of the Yiihuat’ai terrace east of Kiukiang. 


ved, the first producing the general penetrative alteration akin to lateritization, 
the recent one involving less humid conditions leading to concentration of the 
iron under capillary action’. The sequences of humid red and vermiculated 
beds are, according to the authors cited, probably of Late Pliocene age, the 
following aridification of the climate eventually marking a climatic change at 
the beginning of the Pleistocene. ‘““This lateritic period seems to have started 
approximately at the same time all over Central and Southern China, that is 
at the end of the great Late Pliocene erosional phase. But we must observe that 
its duration has possibly been different according to the latitude, due to a 
gradual shifting (or restriction) of the lateritization from North to South.” 
(TEILHARD et al., 1935 b, p. 188). 

Concerning the section of the Ytihuat’ai sediments at Kiukiang, E. Norin 
has given the following information: ‘‘About 1 km west of the Lao-huang-tang 


pagoda, east of Kiukiang, the sequence of strata is as follows (Fig. 1) from the 
top downwards 


Hor.II].2 Hard crust of reddish brown cellular, speckled rock 2.5 Mg 
Hor.III.1 Speckled vermicular clay 2.5 mg 
Hor.II.2 Yellowish gray, vermicular sandy clay. 
Hor.I].1 Conglomerate of light gray chert and quartzite 2.43 
pebbles with yellowish gray matrix. 
Disconformity 
Hor. Grayish white medium grained quartz sandstone with light 
coloured matrix exposed about Im. 


The horizons III.2 and III.1 are rather similar, but whereas III.1 is soft 
enough to be cut with a knife, III.2 is hard like concrete and of a darker choco- 
late brown colour. In the top part, Hor.III.1 is of a general red colour; deeper 
it becomes speckled with irregular spots and diffusely delimited streaks of 
brownish yellow material which gradually becomes predominant, the red 
material appearing as spots and veinlets with diffuse boundaries in the brownish 
yellow clayey sediment. The veinlets penetrate the horizon in all directions but 
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often extend more or less transversely to the ancient land surface. No trace of 
stratification is discernable. In the western part of the section, the red material 
almost disappears near the base of the bed, which here consists of grayish 
yellow sandy clay, Hor.II.2. Lower, it becomes gravelly, grading into the sub- 
jacent conglomerate, Hor.II.1, which contains a matrix of similar sandy clay. 
This conglomerate constitutes a well defined bed, resting on the subjacent 
grayish white quartz sandstone, Hor.I, with a perfectly sharp, undulating 
contact, due to erosion; thus, the thickness of the conglomerate varies between 
1 and 2 m. In the eastern part of the section, on the other hand, the lower 
boundary of Hor.III.1 gradually descends to direct contact with Hor.II.1 and 
the light-coloured matrix of the conglomerate acquires the characteristic colour 
of the vermiculated clay, proving that the alteration process by which Hor.III.1 
has obtained its colour and vermiculated structure is a phenomenon posterior 
to the deposition of the conglomerate. 

The “quartz sandstone’, Hor.I, which largely consists of grains of quartz 
and chert, like the conglomerate overlying it, is a residual sediment derived 
partly from Paleozoic quartzitic sandstones and chert-bearing formations, 
partly inherited from destroyed older red beds. Red material appears occasionally 
in the sandstone as solitary streaks and veinlets, and also as tubes coated with 
oxides of iron, possibly formed around roots of plants.” 

The location of the samples subjected to investigation appears from Fig. 1. 
The samples are marked KK III, KK II, and KK I, the Roman numerals 
corresponding to the respective horizon. In the text, the code signatures of the 
samples always refer to the clay fraction only (less than 2 uw). These fractions 
have been isolated by sedimentation in very dilute ammonia solution and sub- 
sequently dried at 105°C. ; 


Qualitative X-ray analysis 


In Table I are given the X-ray diffraction data for the three untreated samp- 
les and for one sample specially treated to eliminate kaolinite and goethite. ‘The 
values were obtained with a Philips 114.8 mm powder camera and filtered 
CuK,,-radiation. Diffraction data for some reference minerals are added in the 
table. 

From Table I it is evident that all the samples contain a micaceous mineral, 
together with quartz and kaolinite, the last mineral culminating in the bottom 
horizon. Goethite reflexions are very easily identified in the sample from the 
upper horizon but are traced only with difficulty in those from the lower. 

The absence of montmorillonite and other expanding clay minerals has been 
established by X-ray photograms of basis-oriented aggregates saturated with 
glycerol. 

As to the nature of the micaceous mineral the diffraction data give no com- 
plete information. At any rate, it must be of a dioctahedral type judging by the 
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spacing of the (060) reflexion at 1.50 A. Eventually it could be mixed with 
smaller amounts of a trioctahedral mica, a matter impossible to settle because 
the characteristic line at ca 1.54 A is masked by quartz. The intensity of the 10 A 
line is difficult to estimate in the ordinary powder diagrams of the untreated 
samples, as the line is much broadened with a diffuse inner edge. From photo- 
grams taken with basis-oriented aggregates it is, however, possible to estimate the 
relative intensities of the 10 A and 5 A lines, in this case indicating a mica mi- 
neral rather rich in alumina (Ip99:Iy), ~ 1:3). On these photograms and on 
photograms of samples heated at 600°C the first-order basal reflexion of the 
micas appears quite sharp, excluding the existence of mixed-layer minerals. 

The presence of kaolinite in all the samples is revealed by the 7.15 A line, 
which persists after treatment with boiling 4 M HCl but disappears after 
heating at 600° C. When kaolinite is present in smaller amounts, the second- 
order basal reflexion can only be traced as a border of a broad line with an 
intensity peak at 3.52 A, this peak being due to mica and anatase. The second- 
order basal reflexion appears, however, with normal development on photo- 
grams of samples rich in kaolinite, and always on photograms of oriented ag- 
gregates, even at low concentration. 


Quantitative chemical analysis 


Determination of goethite 


There are many methods recommended for determining the amount of iron 
oxide hydrate present in a soil. They are almost exclusively based upon a 
“cookery-recipe”’ technique which can turn out well only under certain condi- 
tions. The principal difficulty lies in extracting the “free” iron without affecting 
the iron bound to the clay silicates. As the solubility of each of the different iron 
compounds varies within wide limits depending on their age, crystallinity, 
and crystal structure, no kind of patent prescription can cover every possible 
case. 

B. OsTHAUs (1954, 1956) has solved some of the problems by studying the 
kinetics of the dissolution process, a method originally introduced in the clay 
mineralogy by G. W. BrinpLey and R. F. YOuELL (1951). By digestion with 
hydrochloric acid for various periods of time and determining the amount of a 
certain ion extracted, a curve can be drawn showing the rate of solution of this 
ion by plotting the undissolved fraction on semilogarithmic paper against time. 
For a given type of ion occupying equivalent positions in the crystal structure, 
a straight line will be obtained, the pre-requisite condition being that the dis- 
solution process is a first-order reaction. This cannot strictly be the case as the 
total areas of the particles diminish during the dissolution and consequently 
change the rate of solution. The above condition seems, however, to have only 
an approximate validity, the dissolution of an ion decreasing exponentially 


with time. 
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Fig. 2. Acid-dissolution curves of Sample KK III. 


If there is a difference in the rate of solution between the same kind of ion in 
two different compounds or in two different positions in the same crystal struc- 
ture, this is revealed by a change in the slope of the curve. If, after sufficient 
time, the contribution of the more easily soluble ion is negligible, the resulting 
curve will be a straight line. This can be extrapolated to zero time and the origi- 
nal percentage of the specific ion established. 

In this way OsTHaus has been able to determine the proportions in which 
iron is distributed between tetrahedral and octahedral positions in a non- 
tronite sample as well as the amount of the extraneous iron. It is obvious that 
the more contrasted the different rates of solution are, the more exact results are 
obtained. In the present investigation this method has been adopted to separate 
goethite-iron from silica-bound iron. 

The procedure used was to treat 200 mg of the sample with 100 ml 4 M 
hydrochloric acid for various periods of time. The experiments have been 
performed at constant temperature (20°C), continuous agitation of the suspen- 
sions being maintained by a magnetic stirrer. 

For each digestion period, the filtrates containing the dissolved ions were 
analyzed for iron and magnesium. The dissolution curves of octahedral iron 
and of octahedral magnesium of the hydrous mica ought to be parallel. Knowing 
the rectilinear slope of the magnesian curve it is, then, possible to dissolve the 
complex iron curve into two componential straight lines. 
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Table II a. Chemical analyses of Sample KK III 
eS ee ee eee 


Total | Quartz Kaolinite Goethite Anatase? Hydr CLS 
mica 
SiO, in% 43.66 4.38 7:05 32.23 
TiO, 1.50 1.50 
Al,O, 28.94 5.98 22.96 
Fe,O, 10.73 8.33 2.40 
FeO 0.36 0.36 
MgO E02 1.12 
MnO 0.03 
CaO 0.22 
K,0 2.20 2.20 
Na,O 0.16 
PAOE 0.26 
H,Ot 10.66 2.12 0.94 7.60 
Sum: 99.84 4.38 15.15 9.27 1.50 68.87 
Table II b. Chemical analyses of Sample KK II 
Total Quartz | Kaolinite Goethite Anatase? Hydr Se 
: | mica 
| SiO, in% 46.95 7.04 8.08 31.83 
AUKO) iLO 1.16 
Al,O, 28.94 6.86 22.08 
Fe,O, 6.50 4.26 2.24 
FeO 0.85 0.85 
MgO iggy 1.34 
MnO 0.04 
CaO 0.28 
K,O 2.56 2.56 
Na,O 0.13 
lO}. 0.23 
H,O+T 10.46 2.42 0.48 7.56 
Sum: 99.44 7.04 17.36 4.74 1.16 70.46 


Iron was determined by potentiomethric titration with E.D.T.A. Magnesium 
was first isolated as a co-precipitate to nickel hydroxide, again brought into 


solution and titrated with E.D.T.A. 
As an illustration of the method, the dissolution curves of the KK III sample 
are given in Fig. 2. The arrows indicate the extrapolated values of the original 


content of the two different iron ions (expressed as Fe,O,). 


Determination of free quartz 
For this purpose the phosphoric acid method of H. Hirscu and W. DawiHt 
(1932), as modified by E. Nortn (1958), was used. 
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Table II c. Chemical analyses of Sample KK I 


Total | Quartz Kaolinite Goethite Anatase? et 

SiO, in% 47.11 3.05 14.73 29.33 
Li@s 0.61 0.61 

Al,O, 33-63 12.50 20.13 
Fe,O, ZR 0.94 1.79 
FeO 0.36 0.36 
MgO 1.07 1.07 
MnO 0.02 

CaO 0.28 

K,O 2.26 2.26 
Na,O 0.09 

BO: 0.13 

H,OT 11.68 4.42 O.1I 7 ait 
Sum: 99.97 3.05 31.65 1.05 0.61 63.09 


Determination of kaolinite 


Kaolinite was determined by comparison between the solubilities in hydro- 
chloric acid of the unheated sample and the sample heated to 600°C, as recom- 
mended by K. A. VESTERBERG (1924). 


The total chemical analyses of the different samples (executed at the Central 
analythical laboratory, head: F. Nydahl) and the results of the partial mineral 
analyses are given in Table II a—-c. The amount of hydrous mica is computed 
as difference. 


The chemical nature of the hydrous mica 


It is well known that the main chemical difference between an ordinary, 
well-crystallized mica and a clay mica mineral consists in deficiency of potas- 
sium and excess of water in the latter. The alteration into a clay mica mineral 
may be effected by a simple exchange of hydronium ions for potassium ions 
without disturbance of the silica skeleton. In many cases, however, another 
difference is also in evidence, namely a smaller substitution of aluminium for 
silicon in tetrahedral coordination, tantamount to a higher silica-to-alumina 
molecular ratio of the clay micas. This relation has been clearly demonstrated 
by R. Grim, who used it to characterize the illites. 

From diffraction data it is evident that the mica minerals in question are based 
upon the same structural features. Nevertheless, there is some difficulty in 
illustrating the compositional differences in a structural formula. Many of the 
methods in use do not take the water surplus into consideration, which neces- 
sarily must give false results if the above exchange reaction of hydronium for 
potassium in the interlayer positions is valid. As an example we can take the 
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method of calculating formulas for mica-like minerals devised by S. B. HEN- 
DRICKS and C. S. Ross (1941). They compensate the charge deficit due to the 
reduced amount of alkali ions by transferring aluminium from tetrahedral to 
octahedral coordination, resulting in an increase of the octahedral population 
compared to the ideal muscovite structure. By a trial and error procedure they 
finally arrive at a formula with balanced charge distributions. 

In this paper the formula has been derived in the following way. After 
transforming the oxide values of the chemical analyses to molal amounts of the 
ions, the sum of the valences of tetrahedral and octahedral ions has been cal- 
culated. It is assumed that this sum, call it m, should correspond to that found 
in the idealized muscovite formula, that is 21 valences per half the structure 
unit (= KAI,(AISi,)O,,(OH),). By using the conversion factor 21/n the con- 
tent of the different ions in the formula is obtained. Finally hydronium is added 
to the extent needed to fill the interlayer positions completely. The same 
principal line of reasoning has already been utilized by G. BRown and K. 
NorrIsH (1952). 

A comparison between structural formulae derived (a) in this way and (b) by 
the Henpricks-Ross method, has been given in Table III, showing only the 
cation distribution in half the structure unit. Five of the most reliable analyses 
of dioctahedral hydrous micas have been chosen. The deviations are relatively 
small but significant. As HENDRICKS and Ross assume that the interlayer posi- 
tions are not completely filled, they must give a higher charge to the tetrahedral- 
octahedral unit, effected by lesser substitution of Al for Si and an increase of 
octahedral ions. The most striking difference, however, can be studied in the 
bottom column, showing the weight percentage of ‘“‘adsorbed”’ water at 105°C, 
that is water not accounted for in the structural formula. The lower values are 
in agreement with dehydration investigations as carried out by E. MAEGDEFRAU 
and U. HorMann (1937) and with hydrogen-deuterium exchange experiments 
by J. Moum and I. Tu. RosengvisT (1958). ‘The corresponding values obtained 
by the HeNpricks-Ross method must be considered as abnormally high. 

The structural scheme of the hydrous micas from the present profile is shown 
in Table IV. The figures are derived from the chemical analyses in Table II. 
The calcium and sodium ions have been omitted; in any case they would only 
make small contributions. Titanium, too, has been neglected under the as- 
sumption that all or most of it occurs as oxide. Analyses for titanium in the resi- 
dues obtained after the hydrochloric acid treatment at the determination of 
goethite (see above) have shown that titanium is dissolved at a much slower 
rate compared to silica-bound, octahedral iron and magnesium. This points 
to the fact that titanium is not incorporated in the mica, for if it were, it would 
most likely occupy octahedral positions. 

The most noticeable feature of this material is the exceptionally low potas- 
sium value. In fact, no mica mineral lacking more than half of the alkali ions has 
yet been reported in the literature, whereas the present mineral contains only 
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Table IV. Cation distribution in hydrous mica from Kiukiang (per half the 
structure unit) 


ee are eae ye 
Structural 
positions | KK II KK II | KK I 
Sit” 3.08 10 8 
tetrahedral 2 c 3: 3.0 
Als 0.92 0.90 0.92 
Als* 1.67 1.63 1.90 
3t 
octahedral aa pe 2.03 0.16 2.05 0.14 2.04 
: C203 0.07 0.03 
Mg2* 0.16 0.19 0.17 
interlayer > fe 277, 0.32 0.30 
H,0 9.73 0.68 0.70 


one-third of the potassium ions of mica proper, indicating a very pronounced 
leaching. The existence of such a mineral has generally been denied for reasons 
of stability; thus I. TH. RoseNQvistT (1955) assumed that a mica of this compo- 
sition should be transformed into a mixed-layer mineral. In spite of this remark- 
able potassium deficit, the close resemblance to muscovite is well seen in the 
number of octahedral ions and the degree of tetrahedral substitution of alu- 
minium for silicon. If the calculations are made according to HENDRICKs and 
Ross, the discrepancies will grow in a conspicous way (the figure of tetrahedral Al 
will become only 0.80 and the sum of the octahedral cations greater than 2.20). 

As a consequence of this near relationship to muscovite there is some reason 
to call the mineral a hydromuscovite. ‘This mineral term has been used at least 
since the beginning of this century but often in a more or less loose sense. The 
one well-established analysis of a hydromuscovite (of hydrothermal origin) 
has been presented by A. BRaMMALL, J. G. C. LeecH and F. A. BANNISTER 
(1937) and is illustrated in Table III. column V. The principal difference from 
the present hydromuscovite is the lesser degree of depotassification. ‘Io make a 
distinction between the minerals, the latter one might be called a degraded 
hydromuscovite analogous to a degraded illite, an expression used by R. E. 
Grim to describe an illite with abnormally low potassium content. 

The result of a determination of the cation-exchange capacity made in a 
preliminary stage of the investigation may be of interest in this connection. ‘The 
cation-exchange capacity of the KK II sample, consisting of a mixture of 
hydrous mica, kaolinite, and goethite, was determined to 68 meq per I00 g. 
In view of the silicates present in the sample, this value was considered as 
unwarrantedly high, wherefore the conclusion was drawn that the presence of 
goethite created some complications. However, there might be another explana- 
tion, assuming that the cation-exchange capacity is related to the intensity of 
replacement of hydronium for potassium; the more interlayer hydronium the 


greater exchange capacity. 
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Finally, some aspects of the partly controversial nomenclature of the mica 
minerals should be added. The concept of illite, as introduced by R. E. Grim 
and coworkers (1937) comprises a rather expansive group name, the non- 
specific character of which Grim has later emphasized. In his textbook (1953), 
however, he attributes to the illite minerals the structural characteristics of 
distinctly smaller substitution of aluminium for silicon in the tetrahedral layer 
compared to normal mica. This statement would consequently narrow the limits 
of the illite group, the existence of normal mica derivatives — with unchanged 
tetrahedral structure — being confirmed in clay material. 

G. Brown (1951) made the proposal that only “‘those clay micas which show 
no significant change of the 10 kX reflection when subjected to mild thermal or 
chemical treatments” should be called illites, independent of the chemical 
composition. This has become a widely accepted definition, which also in- 
corporates hydromuscovite among the illites. 

The unsettled conditions of this question are reflected in the nomenclature 
used by K. JasmMunD in his textbook (1955). He prefers to distinguish between 
hydromuscovite and illite according to the grain size, illite representing the 
smaller sizes of the colloidal material. 

Future contributions to this subject will possibly show that it is more con- 
venient to divide the (dioctahedral) hydrous micas into two groups according 
to the replacement relations to normal mica; the one group with interlayer 
replacements only, the other with changed tetrahedral Al-Si configuration. The 
former group is represented by “true” hydromuscovite. As far as is known, the 
minerals belonging to the latter group show no gradations to the normal micas. 
Therefore, a specific name might be assigned to these minerals and it is quite 
natural to reserve the term illite for that purpose. 

From purely theoretical considerations there could be some speculation 
about the genesis of the clay micas in question. The amount of energy required 
to bring about the changes in the silica layers must be of quite a different order 
than that responsible for simple exchange reactions between the layers. If the 
hydromuscovites are looked upon as degradation products of muscovite, the 
formation of the illites (in the present sense) could be presumed to indicate a 
more complete decomposition of the detrital material, followed by a reorganiza- 
tion into new minerals. The authigenous character of the standard illites from 
Illinois has been demonstrated by Grim (1935), who declares that “these 
minerals developed from the original debris during or soon after deposition”. 


Microscopical examination 


Microscopical studies have been executed on the isolated coarser grains 
down to 30 microns, and on thin sections of methylmetacrylate-impregnated 
samples. 

The particles of the coarser fractions consist almost exclusively of quartz 
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Fig. 3. Matrix of fibrous chalcedony in sandstone from Hor.I. 80x, 1 nic. 


(often coated with goethite) and of microcrystalline chert. Muscovite and bio- 
tite, and some other persistent minerals, notably tourmaline and opaque mine- 
rals, occur in very subordinate amounts. The samples are totally void of feld- 
spars. 

The matrix studied in the thin sections exhibited strong dissimilarities. The 
constituents of the very fine-grained matrix of the upper horizons (Hor. III 
and II) are difficult to identify, all the more so, as the presence of goethite 
gives rise to a strongly red pigmentation. The matrix of the quartz-sandstone 
(Hor. I) is dominated by fibrous aggregates of chalcedony (Fig. 3), draping itself 
around the detrital grains and evidently being of authigenous origin. 


The weathering character as reflected by the mineral 
composition 


As this investigation has been concentrated on the clay minerals — the 
small samples available not permitting a complete study of the entire sediments 
— it is not possible to get a clear picture of the processes involved in the develop- 
ment of the sediments. At any rate, the type of clay minerals present and their 
distribution in the section might give some information about the weathering 
reactions. 

The iron-rich, hard crust underlain by a mottled, clayey horizon most 
certainly indicates a lateritic character of the profile. Considering the mineralo- 
gical composition of the clay material, however, the lateritic character is not so 
obvious. As far as is known, the association of kaolinite (or halloysite) and free 
sesquioxides or their hydrates is generally accepted as a distinctive feature of 
lateritic material. In the present case, kaolinite is not the dominating clay 
mineral, being subordinate to hydrous mica. Besides, most of the kaolinite is 
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probably not authigenous but transported from adjacent, extensive kaolinite 
occurences. It is true, that the absence of feldspar suggests a kaolinisation 
in situ but this process cannot have been very advanced since the micas have 
survived. ; 

The unexpected predominance of hydrous mica may be explained if the 
original source of rock is regarded. Judging by the literature available, the lateri- 
tes and lateritic soils previously subjected to investigation, have, with few ex- 
ceptions, developed on igneous rocks and pyroclastic sediments. In this case, 
however, the parent rock is a clastic sedimentary rock, rich in quartz and mica, 
and likely to furnish lateritic weathering products of a different composition. 

As already stated, the nature of the potassium-deficient clay mica indicates a 
very pronounced leaching, not only confined to the upper horizons. As well 
known, high rainfall and a great permeability allowing the water to soak the 
sediments are fundamental conditions for the evolution of a lateritic profile. 

The eluviation brought about by the leaching process must subsequently 
have been followed by an illuvial accumulation of goethite, which gradually in- 
creases upward to culminate in the upper crust. The old conception that the 
iron concentration is due to capillary rise during dry seasons is denied by 
L. D. Baver (1956), who declares that this mechanism is over-estimated. 
Referring to the statement by Barsour, cited in the introduction to this paper, 
there is an alternative and radically different interpretation namely that the 
final accumulation has developed during a long-continued arid climate. It 
seems, however, to be rather unwarranted to assign the weathering decomposi- 
tion and the goethite deposition to two different phases, widely separated in 
time. 

Besides the clay minerals, the abundance of chalcedony in the matrix of the 
‘“quartz-sandstone”’ is of importance from the genetical point of view. The 
association of free silica with laterite has not been given much attention in the 
recent literature and the silica liberated during the lateritisation is in general as- 
sumed to be transported away and withdrawn from the weathering profile. The 
authigenous chalcedony at the bottom of the present profile may represent this 
released silica, which has descended during the downward leaching. The 
position of the ground-water level has probably some determining influence 
upon the movements and flocculation of colloidal silica. 
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8. A method and a set of apparatus for mineralogic- 
granulometric analysis with a microscope 
By 


Ake Hirnsten 
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Introduction 


A new set of apparatus and a method of analysis have been elaborated in 
order to facilitate the time-consuming and tiresome work involved in granulo- 
metric analysis of mineral grain distributions with the aid of a microscope. 
The following examinations can be performed with the apparatus: 

1. Granulometric-mineralogic analysis of thin sections in which the particle 
sizes are measured as found in the section surface giving the volume frequencies 
of up to ten minerals or groups of minerals in the sample, further the grain- 
size distribution in volume frequency in the whole slide, and, finally, different 
grain-size distributions in volume frequency of up to eight minerals or groups 
of minerals in the slide. 

2. Granulometric-mineralogic analysis of loose-grain mounts. This gives the 
grain-size distribution in the whole sample, and different grain-size distribu- 
tions of up to eight minerals or groups of minerals in the mounts. ‘The number 
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Fig. 1. The recorder with its keyboard and the microscope with the measuring-ocular. 


frequency of particles of different minerals or groups of minerals are recorded in 
ten grain-size classes. 

3. Examination of the shape and roundness of single mineral grains both 
in thin sections and in loose-grain mounts. 

The apparatus consists of a polarization microscope of standard model with 
a newly-designed measuring-ocular which is connected with a recorder over a 
keyboard and an objective indicator. ‘The thin section is brought by steps into 
the field of view of the microscope with a point-count mechanical stage. In 
thin sections the determinations of the frequency of the different grain sizes 
and minerals are performed according to the so-called point-count method. 
See Figs. 1 and 2. 

The apparatus has been described previously in a preliminary report (HORN- 
STEN 1957). 


Definitions of “grain size”’ 


The grains in rocks and soils present very great variations of shape from e.g. 
thin mica scales to spheroidal quartz grains, and therefore the concept of grain 
size must be defined in some way in microscopic grain-size examinations. We 
shall not deal with the multitude of definitions of grain size that have been 
suggested for other methods of size analysis. 

Grain-size determinations in a microscope only seldom permit the establish- 
ment of the three-dimensional extension of the grains. For routine purposes 
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Fig. 2. The measuring-ocular is used together with a Leitz polarizing microscope CM with a 
revolving nosepiece with objective indicator attached to it. 


one has to measure the projections of loose grains or grain sections in thin 
sections or polished specimens. Some of the definitions of grain size intended 
for determinations in a microscope may be presented in the following way: 


A. Univocal linear measures, which are independent of the orientation of 
the grain projections. 

1. The largest diameter, I,, is the distance between the two points on the 
grain situated at the greatest distance from each other. 

2. The middle diameter, b,, is the shortest possible distance of two points 


between which the projection of the grain can pass. 
3. The arithmetical mean of the largest diameter and the middle diameter, 


dat b, 
ee 
4. The geometrical mean of the largest diameter and the middle diameter, 


V1, bp. 
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M MARTIN'S STATISTICAL DIAMETER 
F FERETS STATISTICAL DIAMETER 


Fig. 3. 


B. Statistical linear measures. If the grain size is measured in these terms, a 
change in the orientation of the grain projections will result in different grain- 
size measures for one and the same grain. 

1. Martin’s “statistical” diameter, dy, is the length of the line dividing the 
projected surface of the grain into two equal areas. The line is parallel to a given 
direction, e.g. the horizontal line of the ocular hair-cross reticle, Fig. 3. The 
division of the grain into two equal areas is carried out by estimation. (G. 
MartTIN et al., 1923-1924.) 

2. Feret’s “statistical” diameter, d,, is the distance between two parallel lines 
that touch the outer contour of the grain, and are parallel to a given direction, 
e.g. the vertical line of the ocular hair-cross reticle (L. R. FERET, 1931), Fig. 3. 
This type of “statistical’’ diameter was used e.g. by N. G. HORNER (1957) in a 
major study of sand fractions from the Gobi Desert and of till from the neigh- 
bourhood of Uppsala. The examination was made on loose grains, and HORNER 
has made extensive comparisons with the values he obtained by the use of this 
measure, by him called “inventory dimension”, and other measures, e.g. the 
“nominal sectional diameter’’, see below. 


ar eee 


METHOD AND APPARATUS FOR MINERALOGIC-GRANULOMETRIC ANALYSIS 10g 


3. The maximum horizontal intercept (W. C. KRUMBEIN 1935) is the maximum 
extension of a line that is limited by the contours of the grain, and is parallel to 
a given direction, e.g. the horizontal line of the ocular hair-cross reticle. 

4. ‘The horizontal extension of the grain along a certain given inventory line. 
Grain-size measures of this type were used by e.g. H. Mizner and P. ScHNEI- 
DERHOHN (1953) and H. ROETHSLISBERGER (1955). 


C. Measures based on the size of the projected surface of the grains. 


1. ‘The nominal sectional diameter or projected diameter, d,, is the diameter of 
a circle the area of which corresponds to the projected area of the particle, when 
the latter is viewed in a direction perpendicular to the plane on which the particle 
rests with the greatest stability. 
dy= 44s > 
wt 


where d, =the projected diameter and A, =the projected area of the grain. 
This grain-size measure is influenced neither by the form nor the orientation of 
the particles, and was defined by H. WaDELL (1935, p. 258 and 259). It is also 
called the “‘projected diameter’’, particularly in technical literature, cf. e.g. 
H. HEywoop (1937, p. 140), or the ‘“‘diameter of the circle of equivalent area’’, 
H. Heywoop (1933, p. 387). 


Choice of grain-size measure and type of scale 


For the simultaneous analysis of volume frequencies of different minerals 
and different grain sizes in thin sections the point-count methed of GLAGOLEV 
(1933) is used. In this the slide must not be moved laterally or vertically during 
the measuring of the grain, but is only allowed to rotate around the vertical 
axis through the inventory point, the cross-hairs. ‘The measurements are greatly 
facilitated if the scale used in measuring the grain size can be moved at will 
within the field of view of the microscope. Such movement is possible in the 
newly-designed measuring-ocular. This also gives a freer choice between 
different grain-size measures. 

The scale used was a circular light-field with continuously variable diameter. 
A scale of this form has the advantage that it can be used for measuring sizes as 
well as shape and roundness of mineral grains. In grain-size determinations one 
can use the nominal sectional diameter.1 Among all other measures, preference 
is to be given to the nominal sectional diameter because of the increase in the 
moments of uncertainty, which is induced by any other two-dimensional meas- 
ure due to the shape and orientation of the mineral particles. 


1 As pointed out already by W. C. KRuMBEIN (1935, p. 489), WADELL’s definition of the 
nominal sectional diameter applies only to loose grains. For thin sections and polished specimens, 
where sections of grains are observed, KRUMBEIN proposed the term “‘virtual nominal sectional 


diameter’’. 
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Fig. 4. 


With the new measuring-ocular the size, position, colour, and light-intensity 
of the circular light-field can be varied at will so as to produce the best measuring 
conditions. The scale can also be brought rapidly to disappear altogether from 
the field of view, which may be advantageous in the identification of minerals. 
Measuring is carried out by placing the variable, circular light-field over the 
grain so that the grain surfaces falling outside the circle correspond to the 
surfaces within the circle that are not covered by the grain. Thus, in Fig. 4, a, + 
a, = b, + b,. What is really measured is not the size of the grain, but the areas 
by which grain projection and circular field differ from each other. No figures 
are read off within the field of view of the microscope, but the dimensions are 
read outside the ocular on graduated scales, one for each objective magnifica- 
tion. Generally the apparatus is used for automatic grain-size recording; it is 
sufficient to adjust the scale and press a button. Thus, the grain size is recorded 
automatically in the correct grain-size class in the recorder, and this takes place 
independently of which objective is used on each separate occasion. The objec- 
tives, which are placed on an objective revolver, may be exchanged so that the 
most suitable degree of magnification can always be applied. An objective 
indicator then automatically performs the right connections in the recorder. 

When the measuring-ocular is used for automatic grain-size recording, de- 
finite class limits must be used. For several reasons the class limits in the grain- 
size scale of J. A. UDDEN (1898) were chosen, among other things because the 
class limits may be expressed with phi-values, as was proposed by W. C. 
KRUMBEIN (1934). This greatly facilitates statistical calculations. The phi-value, 
¢, is the negative logarithm with the basis 2 for a grain size expressed in mm, or: 
the grain size expressed in mm = 2°. The following classes are distinguished in 
the automatic grain-size recording: >2; 2-1; 1-0.5; 0.5-0.25; 0.25-0.125; 
0.125—0.062; 0.062—0.032; 0.032-0.016; 0.016-0.008; <o.008 mm. The corre- 
sponding class limits expressed in phi-values: >-1; — 1-0; 0-1; 1-2; 2-3; 3-4; 
4-5; 5-6; 6-7; <7 ¢. In manual grain-size recording one can of course choose 
other class limits, if one finds it desirable. 

Since the scale is round, it can also be used for the determination of length 
and breadth of grains according to different standards. 


II! 


Fig. 5. Determination of the nominal sectional diameter. The scale is placed over a quartz grain, 
the light limit of which is partly discerned under the scale. The area of the grain accords with 
the area of the scale. 


Earlier investigations using the nominal sectional diameter 


Earlier the following methods of measuring the nominal sectional diameter 
have been used: 

1. Reproduction of the individual grains with a camera, a microprojector, or 
a drawing apparatus, and exact measuring of the projected areas of the indivi- 
dual grains with the aid of a planimeter or the like, or estimation of the projected 
grain areas with the aid of comparison circles. 

2. Projection on screens of the individual grains, and estimation of the 
projected grain areas with comparison circles arranged in various ways. 

3. Estimation of the single projected grain area under the microscope with 
comparison circles of different kinds engraved in the ocular. 

For this purpose various types of measuring-oculars have been designed. 
H. S. Patterson and W. Cawoop (1936), G. L. Farrs (1943), K. R. May 
(1945), R. J. HaMILTon et al. (1954) have proposed types that have frequently 
been used. R. MitscHE and A. GRABNER (1953) have described a type of 
measuring-ocular in which network screens with different mesh sizes can be 
exchanged in the focal plane of the ocular. D. A. Rosson (1958) has given an 
account of a type of measuring-ocular in the focal plane of which a series of circ- 
les with different diameters can be moved. Ropson’s ocular is intended for 
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Fig. 6. Comparisons between different kinds of measurements of a grain-size distribution. From 
H. Heywoop (1946). 


d,, Mean projected diameter. dy, Martin’s statistical diameter. dp Feret’s statistical diameter. 
Pe Comparison method using Soaatae circles. PO Comparison method using transparent circles. 


measuring the roundness of grains of sand, but can probably be used quite well 
for the determination of grain sizes. 

A comparison between different methods of measuring particles in the mi- 
croscope was made by H. Heywoop (1946). A large number of particles meas- 
ured with a planimeter were remeasured under conditions similar to those in 
microscopic determination with the newly-designed measuring-ocular. Ten 
persons determined the grain-size distribution with Martin’s and Feret’s 
statistical diameters and with opaque and transparent comparison circles. The 
result of the investigation is perhaps best seen in HEywoop’s diagram, Fig. 6. 
This permits the conclusion that the mean values obtained with Martin’s 
statistical diameter and transparent comparison circles are rather close to the 
mean value obtained by exact measurement with a planimeter. The use of 
transparent comparison circles gives the smallest deviation from the frequency 
curve obtained by exact measurements with a planimeter. The modes show 
a high degree of accordance for the determinations made with comparison 
circles and with a planimeter. The use of comparison circles results in a slight 
tendency towards a general overestimation of the grain size, this tendency being 
slightly enhanced on the measurement of longitudinally extended grains with 
transparent comparison circles. 

H. ALLING (1941) introduced a method of measuring grain sizes in a projec- 
tion microscope. The measurements were taken on projected images of mineral 
grains with the aid of the projection of an iris diaphragm. He compared the 
values obtained by the estimation of the grain sizes according to this method 
with those obtained by exact determination of the particle areas with a polar 
planimeter. Measurement on 50 grains gave a maximum overestimation of 10% 
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and a maximum underestimation of 12.8°/ of the diameter. The arithmetical 
mean of the errors is only +0.32%. The errors due to overestimation and 
underestimation thus compensate each other to a great extent. 

F. ENpTER and H. GEBAUER (1956) have designed an apparatus for particle 
size analysis on transparent photographic enlargements of specimens. A re- 
ference circle, the aperture of a diaphragm, is projected onto the back of the 
enlargements. Measuring is carried out by adjusting the size of the reference 
circle so as to agree in size with the particle. For this purpose an adjusting wheel 
is provided. Semi-automatic recording of the particle sizes is made possible 
by means of electrical counters and a contact device connected with the adjust- 
ing wheel. According to a Zeiss pamphlet No. 34-g01-d, the apparatus is 
manufactured by Cart Zeiss under the name ‘“Teilchengréssen-Analysator 
nach Endter’’. 

N. G. HORNER (1957, p. 24) has compared the nominal sectional diameter 
with some other grain-size measures, e.g. with Feret’s statistical diameter 
(HORNER’s inventory dimension). In HORNER’s investigation the arithmetical 
mean for Feret’s statistical diameter lies about 8° above the mean value of 
the sectional diameter. In Heywoop’s investigation it is about 12%, higher 
than the mean value of the sectional diameter. 

The newly-designed measuring-ocular has the great advantage of providing 
a comparison circle that is in the centre of the field of vision, and can be placed 
over the grain to be measured without moving the slide. If the comparison 
circles are at a distance from the grains to be measured, the measuring errors are 
easily increased. H. H. Watson and D. F. MuLrorp (1954) have investigated 
such measuring errors and their variation for different persons. 

In the examination of loose-grain mounts it is of value to know the ratio 
between the nominal sectional diameter and the sieve aperture which a particle 
can just pass through. This ratio was studied by H. Heywoop (1947, p. 19) for 
particles with different length/breadth and breadth/thickness proportions. 
Heywoobp states that for particles of the most common shapes the nominal 
sectional diameter is about 1.4 times the equivalent sieve aperture. 


The design of the measuring-ocular 


The body of the newly-designed measuring-ocular consists of a so-called 
Kellner ocular with a composite achromatic eye-lens, Fig. 7 (a), and a field lens, 
Fig. 7(b). The focal plane is below the ocular lenses, a fixed hair-cross reticle is 
provided in the focal plane, Fig. 7(c). This constructional unit functions as an 
ordinary ocular of the positive type, and gives 12 times’ ocular magnification. 
The focusing on the cross-hairs is achieved by turning the eye-lenses which have 
a diopter adjustment of +5 diopters. 

For the use of the ocular as a measuring-ocular a reference circle of variable 
size is projected into the focal plane, an iris diaphragm with 12 steel blades, 
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Fig. 7. The optical construction of the measuring-ocular. 


Fig. 7(d), being used for this purpose. The size of the diaphragm aperture can 
be altered so that the maximum aperture, 25 mm, is about 17 times the minimum 
one. The minimum diameter of the reference circle is 1/18 of that of the 
field of view of the microscope, and its maximum diameter somewhat smaller 
than the diameter of the field of view. The diaphragm aperture is not strictly 
circular, but forms a dodecagon with curved sides. The large number of laminae 
makes the deviations from the circular form comparatively small, and in the 
case of large diaphragm apertures they are practically negligible. In the case 
of a full diaphragm aperture the reference opening is a perfect circle, the radius 
of the curved sides of the laminae equalling the radius of the largest diaphragm 
aperture. The rotation of the diaphragm-control gear produces an almost linear 
change of aperture. 

In the field of view of the ocular the reference or measuring circle appears as 
an illuminated area. An electriclamp, Fig. 7(e), illuminates the iris diaphragm, (d), 
through two condensor lenses, (f). This is effected by the projection lenses, (g), 
projecting the image of the diaphragm into the focal plane of the ocular. This 
is effected by the reflexion of the bundle of rays by an obliquely fixed comparison 
plate, (h). The latter is a plane parallel, transparent and anti-reflexion coated glass 
plate. The rays that come from the diaphragm and pass the comparison plate 
without being reflected upwards are caught in a so-called light-trap, (i). 


: 
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The rays of light that come from the thin section through the objective pass 
the oblique anti-reflexion coated comparison plate without great losses of 
intensity. This makes it possible simultaneously to observe in the ocular both 
the scale, i.e. the image of the diaphragm, and the specimen. 

For several reasons it must be possible to vary the intensity of light on the 
circular field of light serving as scale. For this purpose the intensity of light of 
the incandescent lamp, (e), is adjusted by means of a rheostat. The luminosity of 
the specimen may vary considerably from one point to another. A change of the 
degree of magnification (change of objective) also demands a change in the 
intensity of light of the scale. The scale should be seen as a barely perceptible 
circular illuminated field over the object to be measured. 

Also the colour of the scale can be changed by the insertion of suitable colour 
filters in a slot between the condensor lenses. 

In measuring, the scale can be moved conveniently in the x- and y-directions 
in the field of view of the microscope by the rotation of two knobs, Fig. 7 (x) and 
(y). Rotation of one of the knobs makes the scale oscillate forwards and back- 
wards in the x-direction. The rotation is never-ending. On the rotation of the 
other knob the corresponding movement takes place in the y-direction. These 
movements are effected by action of the knobs upon excentric bushes. With this 
contrivance the scale can rapidly be moved to the desired position anywhere 
within the field of view without moving the specimen. 

The size of the scale is changed by turning a knob, Fig. 8(a), connected with 
the control lever of the iris diaphragm over a gear-chain transmission, (b), with 
a suitable gear ratio. The control lever of the iris diaphragm can be swung 
through go° only, yet the gearing permits rotation of the knob by about 270°. 
Simultaneously with the knob a cylinder, (c), is turned, which has one graduation 
for every objective. On these graduations the size of the scale in the field of 
view of the microscope can be read off directly in mm or y, and no recalculation 
has to be made for different degrees of objective magnification. ‘The various 
graduations have been calibrated with the aid of a stage micrometer. 

When the measuring-ocular is used for semi-automatic recording of grain 
sizes, a contact contrivance in the cylinder is utilized, Fig. 8(d). Contact fields, 
one for each degree of objective magnification, are divided into various sectors 
corresponding to different grain-size classes. Rotation of the control knob of 
the diaphragm moves a series of contact pins over the various contact fields. 
For the recording of a certain grain-size first a suitable degree of magnification 
is chosen. Subsequently the size of the scale is adjusted so as to correspond to 
the size of the grain. A contact on the keyboard is depressed, and a current is 
transmitted by the objective indicator to the contact sector that corresponds to 
the degree of magnification and the scale size used. The size of the grain is 


then recorded in the adequate grain-size class. 
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Fig. 8. The measuring-ocular, seen from above. 
In the upper picture the contact arrangement is exposed. 
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GLAGOLEV’s point-count method and its application to combined 
mineralogic-granulometric analysis of thin sections 


In the simultaneous volume frequency analysis of grain sizes and mineral 
contents in thin sections and polished specimens, the method invented by 
A, GLAGOLEV (1933, 1934) for quantitative analysis of various mineral frequen- 
cies in thin sections and polished specimens is used. This method,! which has 
come into increasing use in recent years, is called the point-count method. 

In order to ensure that the theoretical conditions are valid, the measuring 
must take place in an exactly defined inventory plane, in this case the upper 
surface of the thin section of 0.03 mm thickness. A great number of inventory 
points are distributed regularly over a thin section in such a way that the thin 
section is moved by steps, and the mineral content recorded in the points 
coinciding with the cross hairs. The volumes of the various minerals are taken 
to correspond to the surfaces of the respective minerals on the upper surface 
of the thin section and consequently also to the number of inventory points that 
have fallen on the respective minerals. A. GLAGOLEV (1933), F. CHAYES (1949, 
19504a, 1955), I. DAHLLGF (1952), M. ROSENFELD (1954), I. H. Forp (1954), J. 
LAMPRECHT (1954), and others have designed various mechanical devices on 
the mechanical stage of the microscope in order to achieve equally-spaced 
movement of the specimen, and thus the desired symmetrical point net upon 
the specimen. A. HENNIG (19574) has suggested a measuring-ocular with 25 
regularly distributed inventory points. This measuring-ocular is very useful 
in analysis of specimens that can be kept fixed during the time needed for the 
analysis of an entire field of view. In the analysis of thin sections of rocks 
rotation of the stage with the specimen is often necessary for the identification 
of the minerals. Often the objective has to be changed in order to obtain the 
suitable degree of magnification, and this produces changes in the point net 
over the preparation. These circumstances restrict the use of the point-net 
ocular in petrography. . 

A. GLAGOLEV (1934) gives the probable error for the point-count method, 
P.E.,.4, expressed in per cent as 


A(100 — A) 
TEE ie in 0.6745 Vere 


where A is the percentage of a component and v the number of points counted. 


The probable error for a certain component, P.E.,.,, expressed in per cent 
of the frequency of the component will then be 


100—A 
PBaa = 67-45 | my a 


1 In quantitative investigations for purposes of plant sociology, a point-count method has 
been used since the beginning of our century. For this, see the survey in G. E. Du Retz (1930) 
and also B. LINDQUIST (1931). 
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where A is the frequency of the component in per cent and the number of 
points counted. 

For the rapid calculation of the probable errors for various component 
frequencies and various numbers of points counted one can use, with some 
modification, the nomograms designed by G. RITTENHOUSE (1940). For the 
calculation of the P.E.,.; one can use, with some modification, A. L. DRYDEN’s 
rather summary diagram reproduced in W. C. KRUMBEIN and F. J. PETTIJOHN 
(1938, p. 472). The theoretical and practical conditions of the point-count 
method have been dealt with in detail in several works by F. CHayes (particu- 
larly 1956) and A. HENNIG (19574 and 1958), and others. 

The areas of the different components in the inventory plane, 1.e. the upper 
surface of the thin section, correspond to the volumes of the respective com- 
ponents. This is valid irrespective of whether the word ‘“‘component”’ is taken 
to signify different minerals or different grain sizes. The point-count method 
can therefore be used also in grain-size analysis in thin sections and it permits 
simultaneous analysis of mineral distributions and grain-size distributions. 

For granulometric analysis of very coarse-grained materials N. G. HORNER 
(1944, 1946, 1947) has worked out a point-count method on the same basis as 
that of GLAGOLEV. HORNER’s point-count method has been reviewed in interna- 
tional geological literature by A. CaILLEUX (19474, p. 101) and J. P. PORTMANN 
(1956). The volume frequency of different groups of particle sizes simply corre- 
sponds to the number of inventory points that have coincided with particles 
in different groups of grain size. 

The principles of HORNER’s point-count method have been applied here to 
granulometric analysis of thin sections. The method has the advantage of 
providing inventory points that admit of simultaneous analysis of different 
mineral frequencies and different grain-size frequencies. The degree of magni- 
fication can be changed freely, the stage can be rotated, and the other advantages 
of the petrographic microscope can be utilized unimpededly. The method can 
furthermore easily be combined with automatic recording procedures. 


Methods for volume frequency determination of grain sizes and 
mineral contents in thin sections and polished specimens 


In investigations of grain sizes in thin sections, measurements are taken on 
sections of grains of varying size and shape. As the result of the sectioning effect 
the observed size of a grain in the section and its real size very seldom agree. 
A large number of methods for the determination of grain-size distributions 
in thin sections and polished specimens with the aid of a microscope have been 
worked out earlier, as well as calculation methods for the elimination of the 
sectioning effect: T.. HAGERMAN (1924), S. D. WIKSELL (1925, 1926), E. SCHEIL 
(1931, 1935), E. ScHem & H. Wurst (1936), W. C. KRuMBEIN (1935, 1950), 
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W. BRUCKNER (1938), N. OpEMarRK (1947), M. Vuacnat (1949), R. DEDERICHS 
and H. Kostron (1950), F. Cuayes (1950), 1951), N. N. GREENMAN (19514, 
19516), C. R. PELTO (1952), M. RoseNFELD, L. JacoBsEN and J. Ferm (1953); 
A. HENNIG (19574, 1957, 1958). 

For the analysis of distributions of different minerals in different grain-size 
classes, R. HELMBOLD (1952) has utilized a modification of A. Rostwat’s 
(1898) method for planimetric analysis. In an inventory plane the areas of the 
different components correspond to the volumes of the respective components. 
After having laid a series of inventory lines across the thin section, one examines 
how much of the inventoried length is occupied by the different components. 
The length ratios for the different components then correspond to the areal 
proportions of the components and, consequently, also to the volume proportions 
of the different components. As a measure of grain size HELMBOLD used the 
length of the chord formed by the inventory line in each grain. In order to 
avoid very long inventory lines HELMBOLD performed the measurings by steps, 
one for each grain-size class, until a sufficient number of grains had been 
measured for each grain-size class. 

For the determination of grain-size distributions in volume frequency in 
thin sections H. MUNZNER and P. SCHNEIDERHOHN (1953) have proposed a 
chord-measuring procedure, ‘“‘Sehnenschnittverfahren”. According to this 
method an inventory line is laid across the grains in the thin section, the chords 
formed by the inventory line across the different grains being measured with a 
micrometer ocular. At least one thousand chords are measured, and grouped 
in different size classes. The calculation of the probable grain-size distribution 
in the rock sample from which the thin section has been prepared is then per- 
formed with the help of correction formulas (H. MUNZNER, 1953). 

G. H. PackHaM (1955) has suggested the following method for the plani- 
metric analysis of the grain-size distribution. The thin section is displaced with 
an integrating stage, the various revolving drums of which correspond to different 
grain-size classes. As a measure of grain size PACKHAM uses the middle diameter 
in order to get class accordance with such values as are obtained by sieving 
analysis. When a grain reaches the cross-hairs, and is to be recorded, the grain 
size is first determined with a micrometer ocular. The drum corresponding to 
the grain size is turned, and thereby the preparation is moved until the cross- 
hairs leave the grain. From the measured values probable grain-size distribu- 
tions can be calculated with the aid of correction formulas. 

A. VisTELIus (1958) has criticized PAcKHAM’s method, and suggested certain 
improvements. 

By means of a point-count mechanical stage H. ROETHLISBERGER (1955) re- 
gularly distributes points along an inventory line that forms chords over the 
different grains in the thin section. The lengths of the individual chords are 
measured, and for each inventory point one chord is taken into the calculation. 
The chords are distributed over different size classes, and the probable grain- 
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Fig. 9. 


size distribution in volume frequency can then be calculated with the aid of 
correction formulas on the basis of the number of chords in different size classes. 

G. FRIEDMAN (1958), finally, has elaborated a calculation method that gives 
good agreement between the values obtained in sieving analysis and such 
values as are obtained by analysis of thin sections. He has also made comparisons 
with calculation methods proposed earlier. 

On account of the so-called sectioning effect the size of a grain observed in 
the thin section very seldom agrees with the real size of the grain. The study of 
the sectioning effect was taken up first by T. H. Hacerman (1924) and S. D. 
WICKSELL (1925, 1926), and later investigations of this problem have been 
carried out, amongst others, by W. C. KRUMBEIN (1935). 

According to N. ODEMARK (1947) the influence of the sectioning effect can 
be exemplified in the following way. A sphere with the diameter D is divided 
into a very great number, 7, of thin spherical zones with the thickness h. The 
sum of the mean diameters of the spherical zones is called S,, and the arith- 
metical mean of the different mean diameters of the zones is called d,,. See 
Fig. 9. This gives . 


ndn=Sa h=D/n, and DS,;/n=a2D*/4. 


From this follows that 
d,=12D/4=0.785 D, and D=44d,/2=1.273 dy. 


The median slice lies at the distance R/2 or D/4 from the centre of the 
sphere. The diameter of the median slice, d,,,, is obtained by calculating the 
sides of the right-angled triangle in the sphere with the sides d,,,/2, D/4, and 
Da: 

dna = V3, D?/4 = 0.866 D. 


Thus, if a large number of spheres with the diameter D are distributed at 
random in an embedding substance of which a very thin section is prepared, 
diameters from D down to infinitely small sizes will be observed upon the 
surface of the thin section. The arithmetical mean of the observed section 
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Fig. 10a. Frequency curve and histogram illustrating the distribution on different grain-size 

classes of the radii in the section surfaces that appear in sectioning of an infinite number of 

equal-sized spheres distributed at random in space. The sectional radii are set off on an arith- 
metical scale. 


Fig. 10b. The same distribution as in Fig. 10a, but the sectional radii are set off according 
to a logarithmic scale. 
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Fig. 11. Diagram of F. CHayes’s correction factor for elimination of the over-representation 
of opaque spheres in a transparent medium in transmitted light. d diameter of the opaque 
spheres. Rk standard thickness 0.03 mm. 


diameters, d,,, is 0.785 D, and the section diameter of the median is d,,g= 3 D/4 
=0.866 D. A probability function describing the distribution of the section 
radii resulting from the sectioning of spheres of identical size was established 
by 'T. H. HAGERMAN (1924) and subsequently by W. C. KRUMBEIN (1935): 


I x 
P(x)dx= 7, k aaesee| dx, 


where R is the radius of equal-sized spheres and «x is the section radius. The 
relative frequency of section radii falling into the interval between x, and x, 
is obtained by integration between the limits x, and x,. A diagram illustrating 
the distribution of the different section radii over different size classes is given 
in Fig. 10a. There the radii are set off according to an arithmetical scale. 
Generally a logarithmic scale is used in sedimentary petrography for grain-sizes. 
If the section radii are set off according to a logarithmic scale a distribution of 
the type seen in Fig. 108 is obtained. 

In analysis of opaque minerals with small grains the so-called Hoimes effect 
may cause considerable errors in the estimation of mineral frequencies as well 
as of grain sizes. For technical reasons the thin section must be prepared to a 
standard thickness of 0.03 mm. Various spherical particles will then be repre- 
sented in the thin section by spherical segments and zones if the various sphere 
diameters are greater than 0.03 mm. In the planimetric analysis it is presupposed 
that the measurements are taken in a definite inventory plane, viz. the upper 
surface of the thin section. Owing to the thickness of the thin section the 
opaque grains will, however, not be represented by their true inventory section 
in transmitted light, but the projections of their maximal extensions in the thin 
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section from the lower to the upper surface of the latter. The influence of this 
source of error grows rapidly with decreasing grain size. For spherical opaque 
particles with the diameter 0.12 mm the over-representation is Webs 10% 
opaque grains with the diameter 0.012 mm it is 850%. F. Cuayes (1956, 
chapter 11) has introduced a correction factor for this source of error, and 
the diagram in Fig. 11 has been drawn on the basis of his Table 11.1. In analyses 
the influence of the HoLMes effect can be eliminated to a great extent, at least in 
cases of large grain sizes, by the use of incident light, giving reflexes on the 
section surfaces of the opaque grains. It is then possible to distinguish what 
are section surfaces, and what are projections of grains. 

According to R. B. ELLior (1952) an effect resembling Hotmgs effect can 
appear, when transparent grains of widely differing refractive indices border 
one upon another. 


The principles of recording with the new recorder 


The recorder is built up of 100 electrical counters which are connected with 
each other in various ways, and controlled from a keyboard with 14 keys. See 
Fig. 12 with the appended explanation of symbols. 

In the analysis of thin sections as described above, the point-count method 
is used for the combined mineralogic and granulometric analysis. With a 
point-count mechanical stage the specimen is moved by steps, and the ocular 
cross-hairs fall on different, regularly distributed inventory points. For each 
inventory point is recorded on what mineral and on what grain size the point 
in question is located. The recording is carried out in the following way. First 
one identifies the mineral under the cross-hairs, and depresses the key corre- 
sponding to this mineral on the keyboard. ‘Then a transposition key is depressed 
as a matter of routine to adapt the instrument for the next recording moment. 
The grain size is determined with the measuring-ocular, and in automatic grain- 
size recording the depression of a key on the keyboard is all that is needed for 
the automatic recording of the grain in the correct grain-size class. If, on the 
other hand, manual grain-size recording is used, the grain size is read off on 
the outside of the ocular, and the key on the keyboard corresponding to the 
grain size is depressed. On termination of the recording a resetting key is 
depressed as a matter of routine, and the apparatus is ready for recording once 
again. 

Ten different minerals or groups of minerals can be recorded. Each mineral 
has a counter for the inventory points that have fallen on the mineral in ques- 
tion. These counters are situated in a vertical row to the extreme right, and 
are marked Xpx, Upa, Upb, etc. A counter Xp adds up the number of inventory 
points that have fallen on different minerals, i.e. it gives the sum total of the 
values recorded by the counters Upx, pa, Upb, etc. From the counters just 
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Fig. 12. Plan of the recorder with the counters. The single counters are indicated by squares. 
The functions of the individual counters are seen from the marks drawn in the squares. & = 
summation sign. p = points. x,a,b,c, etc. = abbreviations for different minerals. The symbol x 
is used for polymineral particles. —1, 0, 1, 2, etc. = abbreviations for different grain-size classes. 
The abbreviations indicate the lower class limit in each class in a ¢-value. This does not apply 
to 8 which is an open-ended class. Uka = the sum of all recorded grains of the mineral a. Upa = 
the sum of all recorded points upon the mineral a. XR = the total sum of all recorded points upon 
all grains. a,o = counter for the mineral a and the grain-size class 0. U2 = the sum of the re- 
cordings in the grain-size class 2. 


mentioned we obtain the volume frequencies of the different minerals in 
analysis of thin sections. 

To the extreme left we have a row of eight counters, Ukx, Xka, UR, etc., 
recording points that have fallen on grains of the mineral x, on grains of the 
mineral a, etc. A counter XR adds up all the recordings in these counters. In 
normal cases the recordings in Lka, URb, Ukc, etc. agree with the recordings 
in Xpa, Xpb, Upc, etc. It is only in recordings of polymineral particles (see 
below) that there appear differences between the counters in the row farthest 
to the left and those in the row farthest to the right. The vertical row of counters 
farthest to the left gives the frequencies of points that have fallen on grains of 
different kinds, whereas the vertical row farthest to the right gives the frequen- 
cies of points that have fallen on minerals of different kinds. 

For each mineral or group of minerals there exists furthermore a horizontal 
row of 10 counters, one counter for each grain-size class. These counters are 
marked x, —1; x, 0; x, 1; etc. (phi values). They give the distribution of the 
minerals over different grain-size classes in volume frequencies. For each grain- 
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size Class there is a summation counter, © —1; © 0; D 1; etc. These counters 
Xu —1, Zo, U1 etc. give the volume frequencies of the different grain-sizes in 
analysis of thin sections. 

In order to save counters, the minerals f, g and h have separate counters for 
mineral frequencies, pf, Upg, Uph, but a common row of counters for grain- 
sizes: fgh, —1; fgh,o; fgh,1; etc. These counters are used, when the volume 
frequencies of the minerals f, g, and h are wanted separately, and when at the 
same time no more than a common grain-size distribution for these minerals is 
needed. Non-identifiable transparent minerals, non-identifiable opaque mine- 
rals, or “other minerals” may be referred to this group. 

The volume frequency of the mineral 7 is read on the counter Upi, but the 
grain-size distribution of the mineral 7 does not appear in a special row of coun- 
ters, and the recordings of this mineral in different grain-size classes are made 
directly on the summation counters & —1, Xo, & 1, etc. The grain-size distribu- 
tion of the mineral z will then be the difference between the total grain-size 
distribution in the sample and the grain-size distribution of the other minerals. 
Non-identifiable minerals or “‘other minerals’? may be referred to the mineral 
ee 

The different counters are connected with each other in several different 
ways, and it will be simplest to explain the functioning of the recorder by a 
concrete example. When the inventory point (cross-hairs) has fallen on a grain 
of the mineral a and the grain size 1, the procedure is as follows. The following 
keys are depressed in turn: the key for the mineral a, the transposition key, the 
key for grain-size recording, and the resetting key. Thereby the counter a,1 is 
switched on in the recorder. At the same time Lipa, Up, U1, Uka, and VR func- 
tion automatically. The following has then been recorded: one point on the 
mineral a in the grain-size class 1 in the counter a, 1, one point on the mineral 
ain Upa, and one summation of the counted point in Xp, one summaticn of the 
counted point in the grain-size class 1 in 21, one point on a grain of the mineral 
a in Xka, and finally the addition of the counted point on a grain in DR, 

The problem of recording particles consisting of several different minerals, here 
called polymineral particles, has been solved thus: the polymineral particles are 
referred to a special row of counters, x, —1; x, 0; x, 1; etc., and in these counters 
the frequencies of the polymineral particles are recorded in different grain-size 
classes in the usual way. The number of points that have fallen on polymineral 
particles is seen from the counter 2kx which is connected with the summation 
counter Lk. The vertical row farthest to the left then gives the frequencies 
of points that have fallen on grains of different kinds. When the recorder is used 
for recording polymineral grains, a connection between the counters Upx and 
Lp is cut with a circuit-breaker. Points that have fallen on different minerals 
in the polymineral particles are recorded separately by the counters of points on 
the respective minerals, Upa, Upb, Upc, etc. This can be done by depressing 
a special key for separate mineral recording and then the key for the mineral 


126 AKE HORNSTEN 


in question. The vertical row of counters farthest to the right will then give the 
volume frequencies of the different minerals. The proportion of e.g. the mineral 
a contained in polymineral grains is obtained from the recordings in Xka and 
pa and the difference between the recordings in Lka and Xpa. 

In some rocks one particular mineral may be very abundant, e.g. quartz in 
quartzites. In analyses of such rocks the cross-hairs will repeatedly fall on the 
same mineral. In order not to have to depress the key of this mineral for each 
new recording, the apparatus has been designed so that after the first pressing 
down of the key for this mineral the apparatus is prepared for continued re- 
cordings of the same mineral. For each successive subsequent recording on this 
mineral it is sufficient to determine only the grain size, and depress the grain-size 
key. The recording of this mineral and the determined grain size is then effected 
each time by the depression of only one key, that of grain-size recording. Only 
when the inventory point falls on another mineral (or on a polymineral particle) 
one has to depress first the resetting key and then the key for the new mineral. - 

In order to get an idea of the variations within each thin-section sample one 
can write down the figures in the different counters or still better, photograph 
them for every hundredth recording, for every traverse, or for every group of 
traverses made with the mechanical stage. 

In the analysis of loose-grain mounts the apparatus can be used for recording 
the number of grains of different minerals in different grain-size classes. 

The apparatus can of course be used for grain-size recording alone or for 
mineral frequency recording alone in thin sections as well as in loose-grain 
mounts. 


Measurings of shape and roundness with the new 
measuring-ocular 


With the newly-designed measuring-ocular it is possible to measure the 
shape and roundness of mineral grains in thin sections or loose-grain mounts. 
Such measurements are possible, since the scale, the circular light-field, can be 
varied as to size as well as position. In measuring shape and roundness according 
to earlier methods each particle had, as a rule, to be represented by drawing or 
photographing, the measurements being taken on the pictures. This procedure 
has made the measuring a tedious work. 

H. WADELL (1933, 1935) has proposed the following definition for two- 
dimensional sphericity, ¢, of loose particles resting in the most stable position: 


d, 
ore 


where d, is the nominal sectional diameter and D, the diameter of the smallest 
circumscribed circle. The values of d, and D, are without difficulty obtained 
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Fig. 13. The measuring-ocular can be used for rapid determination of the shape and roundness 
of mineral grains. Here the radius of the scale corresponds to the radius of curvature in the 
corner of the quartz particle. 


with the measuring-ocular, and the proportions between d, and D, are easily 
calculated with a slide-rule. The recording of the distribution of the degrees of 
sphericity in different grain-size classes or in different minerals can then be 
done on a paper or with the aid of the recorder. 

The determination of d, involves a certain amount of subjective estimation. 
N. A. RiLey (1941) has proposed a definition of two-dimensional sphericity, 


do: , 
og DYED 


where D, and D, are the diameters of the largest inscribed and of the smallest 
circumscribed circle, respectively, for the particle. The sizes of D; and D, can 
be measured exactly. The sphericity values according to this definition are 
about the same as the sphericity values according to WADELL’s definition (in the 
case of ellipses they are identical). 

Several roundness indices can be measured. The greatest amount of work is 
involved in the measuring of H. WaADELL’s (1932) roundness index, Py: 


bem Es: 
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where ¢ are the radii of curvature in the different corners, R the radius of the 
largest inscribed circle in the grain, and N the number of measured corners. 
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Less tedious is the determination of A. CAILLEUX’s (19475) roundness index 
modified for the measuring of grain projections: 


P= or LE, 


where L is the greatest length of the grain, and 7, the radius of curvature at the 
sharpest corner. It is also simple to measure PH. H. KUENEN’s (1956) roundness 
index, P,, modified for the measuring of grain projections: 


Pee ore, 


where r, is the radius of curvature at the sharpest corner, and 6 the largest 
diameter of the grain measured at right angles to the longest diameter of the 
grain. 

Since most abrading processes in water tend to produce an approximately 
ellipsoidal shape of rock fragments or mineral particles the author believes 
himself justified in proposing the following roundness index P,: 


Py=r,2L/8. 


With this roundness index the radius of curvature at the sharpest corner, 
r,;, in a grain with the greatest length L and the greatest breadth b measured at 
right angles to L is compared with the radius of curvature in the terminal point 
of the major axis of an ellipse with the axes L and b. The radius of curvature in 
the terminal points of the major axis of an ellipse with the axes L and b is b?/2L. 


Description of the electrical construction and function 
of the recorder 


The recordings take place in electrical counters, pulse counters, which are 
connected with each other in various ways as described above, cf. Fig. 12. 
By a system of electromagnetic relays a current is fed into the circuits that are 
needed for the desired recordings. The apparatus is controlled from a keyboard 
with 10 keys, common to minerals and grain-sizes, a transposition key M, a 
resetting key A, a grain-size recording key K, and finally a key for separate 
mineral recording S. These keys with the exception of K are found on the 
extreme left of the circuit diagram, Fig. 14. 

The apparatus is run on 24 V D.C. supplied by a rectifier and a transformer 
connected to the 220 V A.C. mains. 


Relays 


The types of relays used are the standard models of the Swedish 'Telecom- 
munications Administration. Such a relay consists of an electromagnet with 
an armature that is drawn to the magnet, when a current is passed through the 
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Fig. 14. Circuit diagram of the recorder. The objective indicator and the contact arrangement in the ocular are not included, 
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Fig. 15. Skeleton diagram of a relay and its corresponding diagram symbol. 


coil of the electromagnet. By a lever mechanism the armature acts upon a 
number of contacts of different types, situated in two sets of contact springs on 
the upper side of the relay. By suitable combinations of contacts for “‘make”’, 
“break’’, “change-over” and “‘make-before-break”’ the current can be fed into 
the desired circuits. 

Fig. 15 shows a skeleton diagram of a relay and its corresponding diagram 
symbol. When a current pulse is passed through the coil of the electromagnet, 
the armature (a) is attracted by the magnet, and the relay is operated. In this 
process the upper part of the armature is turned upwards, and raises a bar (b) 
consisting of an insulating material. In an insulated holder on the upper side 
of the relay, a set of contact springs with the springs numbered 1-10 is mounted 
(c). The flat springs 1, 4, 6, and g are fixed to the bar, and are therefore raised, 
whereas the other flat springs are not immediately influenced, since the bar 
passes through holes in these springs. 

In operation the make-contact on spring No. 1 is raised towards spring No. 2, 
and a circuit is closed. The break contact on spring No. 4 is raised from the 
contact on spring No. 3, and the circuit is interrupted. When a “‘change-over”’ 
is effected, one of the contacts on spring No. 6 is raised from spring No. 5, and 
the connection between the springs 5 and 6 is interrupted. Spring No. 6 is 
raised further, the contact on its upper side touches spring No. 7, and the circuit 
is closed between them. When the relay is not operated, the springs 8 and 10 are 
connected by the contact on No. ro. In operation a circuit is closed, when spring 
No. g with its contact is raised towards spring No. 10 which is pressed upwards 
by the contact on spring No. g during the continued rise. Thereby the circuit 
is interrupted between the springs 8 and 10, anda “make-before-break” switching 
has been brought about. 


When the current through the coil of the electromagnet is cut, the magnetic 
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effect ceases, and under the pressure of the flat springs the armature returns to 
its position of rest. 

A dot on a movable contact spring on the diagram symbols indicates that the 
spring is movable at the operation of the relay. For each relay a thin line of short 
dashes is drawn through the median line of the relay and through the contacts 
that are influenced by the relay. 


The pulse counter 


The single recordings take place in pulse counters, so-called subscriber’s 
meters, of the standard type GM-2792/1500 used by the Swedish Telecom- 
munications Administration. Such a pulse counter consists of an electromagnet, 
a five-digit drum, a zero-setting device, and a make-contact. When a current 


Fig. 16. The diagram symbol of the pulse 
counter. 


is passed through the coil of the magnet, an armature is attracted by the magnet. 
This, in turn, acts upon a make-contact which closes a circuit. On the cessation 
of the current through the magnet coil the armature returns to its position 
of rest. During this movement the drum turns one step forwards. At the same 
time the make-contacts separate, and the circuit is interrupted. The diagram 
symbol of the pulse counter is given in Fig. 16. 


Diagram description 


The principles of the functioning of the apparatus are most easily explained 
with the aid of the circuit diagram and a few examples of different recording 
procedures. For the sake of simplicity the recording of minerals as well as of 
grain-sizes is performed by hand in these examples. 

In automatic grain-size recording with the measuring-ocular the apparatus 
functions in the same way as in altogether manual recording, the only difference 
being that in automatic recording no key for a certain grain size is depressed 
on the keyboard. The measuring-ocular has a contact device that is connected 
in parallel with the keyboard contacts x: — 11:8. When the size of a grain has 
been established, the key K on the keyboard is depressed. A contact correspon- 
ding to the grain size in question is switched on, and a signal is carried through 
the apparatus in the same way as if the corresponding keyboard contact had 
been switched on. Connections between crossing conductors are marked with 


dots in the diagram. 
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A. Recording of a grain of mineral a in the third grain-size class 


The key a:o is depressed. The vertical line farthest to the left in the circuit 
diagram carries positive voltage from the relays RS and RM. This voltage is now 
conducted to the relay R1 which comes into action. The make-before-break con- 
tact in Ri conducts current to the magnet-coil in R1, and Rr remains operated. 
The first make-contact in Rr conducts current to R11 with its change-over 
contacts, and Rr1 is operated. The pulse counters in row a receive positive 
voltage from the second make-contact of R1, and are simultaneously connected 
to their respective vertical lines in the rows — 1-8, when a series of contacts in 
Rr, one for each vertical row, are closed at the operation of Rr. 

The transposition key M is depressed, the relay RM is operated, and remains 
so as a result of the current to the coil from the make-before-break contact. 
The change-over contact in RM now feeds the vertical line farthest to the left 
with negative voltage. 

When the key d:3 is pressed down, the negative voltage is conducted over 
the actuated change-over contact in R11 to the vertical line in row No. 3, and 
the pulse counters a,3 and 43 are operated. Through the make-contacts now 
closed in a,3 the pulse counters Xka and Upa receive current and operate, the 
make-contacts in them close, and current is conducted to the pulse counters 
xk and Xp which operate. 

The recording is now finished, and by depressing the resetting key A 
the current supply to the entire recorder is cut. The relays that are operated 
return to their positions of rest, and a new recording can be made. 

If several grains in succession consist of the same mineral, it is not necessary 
to press the resetting key after each recording. When the key for the mineral in 
question has been depressed once as well as the transposition key M, the grains 
can be recorded in turn by depressing the keys for the proper grain-sizes only. 
No pressure on key A is required unless a new mineral appears. 


B. Recording of a grain belonging to one of the mineral f, g, or h, e.g. a grain 
of the mineral g in the grain-size class 5 


The key g:6 is depressed, the relay R7 is operated, and remains operated by 
itself. From an actuated make-contact in R7 a current is conducted to R6 which 
is operated, and remains so by itself. In R6 a make-contact is closed which 
conducts current to R11 with its change-over contacts, and R11 is operated. 
Positive voltage is carried from another make-contact in R6 to all the counters 
in row fgh. A series of make-contact processes have furthermore taken place in 
R6, one for each vertical row, and thus positive voltage reaches each vertical 
row —1-8. The pulse counter Upg is under positive voltage which is carried 
through a make-contact in R7 to one of the make-contacts in the counters 


fgh, — 1-fgh, 8. 
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The transposition key is depressed, RM is operated, and remains so by itself, 
the change-over contact now conducts negative voltage to the vertical line 
farthest to the left. 

The key f:5 is depressed, and the negative voltage is carried to the vertical 
line No. 5; the counters fgh,5, £5, and LAfgh are fed with current, and operate. 
When the make-contact in fgh, 5 is actuated, current passes through pg which 
operates. ‘I'he make-contact in Lpg is closed, and allows the current to pass 
through =p which operates in its turn. There is also operation in Zk, as the 
current is carried to this counter at the closing of the make-contacts of LAfgh. 


When finally the resetting key A is depressed, the apparatus is made ready 
for a new recording. 


C. Recording of grains belonging to the mineral 7 and e.g. the grain-size 
class 7 


The grain-sizes of the mineral 7 are recorded directly in the summation 
row —X1-8, and the mineral 7 thus has no row of counters of its own for 
the different grain sizes. 

The key 7:8 is depressed, Rg is operated, and remains operated by itself, the 
first make-contact in Rg is closed, and R11 with its change-over contacts receives 
current, and is operated. The second make-contact of Rg, which is now actu- 
ated, carries negative voltage to one of the make-contacts in the counters 
x — 1-28. 

When the transposition key M is depressed, RM is operated, and remains 
operated, negative voltage is carried to the vertical line farthest to the left. 

When the key /:7 is depressed, the negative voltage is carried over an actu- 
ated change-over contact in R11 to the counter £7 which is always connected 
with the positive pole. X7 is now operated and the make-contact is closed. 
Current is then carried through the counter Lz and Xki which operate, and 
also actuate their make-contacts, and thus the counters Up and Uk get current, 
and operate. 

Finally the apparatus is made ready for a new recording by depressing the 
resetting key A. 


D. Recording of a grain consisting of several different minerals 


In the usual way one depresses in turn key x: — 1, transposition key M, the key 
corresponding to the grain size, and the resetting key. ‘The connection process is 
the same as in case A with the exception that the counter Xp does not operate 
when the make-contact of Upw is actuated, because the connection between Up 
and the make-contact of pw is interrupted by a manually controlled contact 
near the counter Lpw. If this contact is closed, the upper row of counters has 
the same functions as the rows for the minerals a-e. 
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The size of the grain has now been recorded, but not so the different minerals 
contained in the grain. For the recording of the minerals one depresses key 5. 
Then RS is operated, and remains operated by itself, the change-over contact in 
RS carries negative voltage to the vertical-line farthest to the left. A contact in 
RS that is now operated carries positive voltage to Rr1o with its series of change- 
over contacts and to R12 with the series of break contacts, and both Rro and R12 
are operated. 

If e.g. the mineral c is to be recorded, one depresses the key c: 2. The negative 
voltage is then carried over a change-over contact actuated in R1o to Upe which 
is always connected with the positive pole. Upc is operated, and also actuates 
its make-contact, thus supplying current to, and operating Xp. When the key 
S has been depressed, several separate mineral recordings can be made im- 
mediately after each other. 

Pressure on the resetting key A makes the apparatus currentless, the relays 
return to their positions of rest, and the apparatus is ready for new types of 
recordings. 
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9. The Primitiopsid Ostracodes from the Ordovician 
of Oklahoma and the Systematics of the Family 
Primitiopsidae 
By 


Anders Martinsson 


ABSTRACT.—A new genus, Anisocyamus, is established for the true primitiopsids among the 
ostracodes described by R. W. Harris in 1931 and 1957 from the Tulip Creek and Bromide 
formations of the Simpson group, Ordovician of Oklahoma. Two species, A. bassleri (HaRRIS 
1931) and A. elegans (HARRIS 1957) are reexamined. 

In connection with this a survey is made of the non-Silurian primitiopsids described up to 
now. Three new subfamilies, Anisocyaminae, Sulcicuneinae, and Polenovulinae, are distinguished. 
The latter subfamily includes two new genera, Polenovula and Viazoviella, both from the 
Devonian of the Ural region. 
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Introduction 


The Silurian primitiopsids described up to now constitute two groups of 
genera which have a posterior velar dimorphism in common but are very 
different in the other details of the carapace morphology. ‘These groups are 
the subfamilies Primitiopsinae (with the genera Primitiopsis JONES 1887, Clavo- 
fabella Martinsson 1955, and Limbinaria Swartz & WHITMORE 1956) and 
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Leiocyaminae (with the genera Leiocyamus MarRTINSSON 1956 and Amygdalella 
MarTINssON 1956), both established after a study of a very well-preserved 
material from the Mulde marl of Gotland, Sweden (MarTINssoNn 1956). In 
connection with the continued study of the’Silurian palaeocopes of Scandinavia 
and Great Britain a large number of primitiopsines and leiocyamines have 
been found, all of them on about the same level of organization as the species 
already described. 

It was natural, therefore, to pay particular attention to the oldest known 
forms referred to the family in order to find some primitive or connecting 
features for the elucidation of the phylogenetic relationships of the genera 
mentioned. For the same reason the youngest forms, from the Devonian, 
have been briefly surveyed. 

In 1931 R. W. Harris described a new ostracode species from the Bromide 
formation of the Simpson group under the name of Primitiopsis bassleri. 'The 
figures published and a study of the hingement (LEVINSON 1950, cf. MarTINs- 
SON 1955, p. 19) made it rather doubtful whether the species could belong to 
the family Primitiopsidae. Miss JEAN BERDAN, U.S. National Museum, however, 
recognized the Bromide species as having all the essential features of a primi- 
tiopsid (letter of February 16th, 1956) and sent an excellent material which 
entirely confirmed her observations but which could not be conspecific with 
Primitiopsis bassleri Harris. ‘The new species was described by Harris in 1957 
as Primitiopsis elegans, and on the same occasion a new figure of P. bassleri 
was published. 

For this study further material of P. elegans, collected in 1959 by Dr. V. 
JaaNusson, and of P. bassleri, determined by Dr. R. W. Harris, has been ac- 
cessible. For comparative purposes specimens of ‘‘Leperditellina” miranda PoLE- 
Nova and “L.”’ crassa POLENOVA have been supplied by the author of the species. 


ACKNOWLEDGEMENTS.—My sincere thanks are due to Mrs. PoLENova, Panfederative 
Oil Research Institue (VNIGRI), Leningrad, Miss BerpaNn, U.S. National Museum, 
Washington D.C., Dr. Harris, Oklahoma Geological Survey, Norman, and Dr. 
JAANUSSON, Institute of Palaeontology, Uppsala, for the material studied. 


Morphological comparison between the Silurian and the 
Ordovician primitiopsids 


The general shape of the carapace in the two Ordovician species coincides 
fairly well with that of the primitiopsines. The lateral outline is, as described 
by Harris, “relatively short, ovate to subquadrate”’, cut off dorsally by the 
long, straight hingeline. In dorsal view the carapace is considerably more 
flattened than in the primitiopsines and more or less sharply truncated an- 
teriorly by a bend at the velar level. 

There is no well-developed dorsum. The lateral side of the valves reaches 
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the hingeline in a strong convexity which does not, however, protrude over 
the hingeline. 

The valves are slightly unequal in size, the right one being slightly larger 
and overlapping the left one in the same way as in the Silurian primitiopsines. 
in the Ordovician species, however, the margin of the valve forms a pronounced 
covering list, while in the Silurian species the left valve is more adjusted for 
the contact conditions, having an extramarginal shelf which is covered by the 
right valve. A very narrow marginal structure is developed on both valves, 
without any clearly visible ornamental features. There are, however, some 
uncertain signs in specimens of both species that the marginal structure has 
been dissolved in a row of faint tubercles anteroventrally. 

The most interesting feature in the contact of the valves is in this case the 
hingement which is comparatively well preserved in the material studied. 

In 1950 LEVINSON made a comprehensive study of the hingement of palaeo- 
zoic ostracodes, most of them palaeocopes, including the species Primitiopsis 
bassleri (op. cit., p. 67). He concluded that the hingement of the right valve 
consists of a rounded posterior tooth and an angular, flattened anterior tooth 
connected by a prominent groove. The hingement of the left valve consists 
of a rounded posterior socket and an angular anterior socket; the anterior margin 
of the anterior socket is not as high as other portions of the margin of the 
socket. A ridge connects the dorsal margin of the two sockets. From the develop- 
ment of and the position of the teeth and sockets LEVINSON further drew the 
conclusion that the ostracode should be orientated so that the dolonal flanges 
point forward, which explains why the words “‘left”’ and “right”? have been 
exchanged in the above quotation. 

In the present material no teeth or real sockets have been observed. The right 
valve has a simple groove along the hingeline—which forms the dorsal part 
of the lateral outline and is not protruded over by any part of the carapace— 
equally broad along its entire length. There may be a slight thickening of the 
carapace walls under the posterior end of the groove, and the inner wall of 
the groove is especially high and prominent posteriorly. The left valve has a 
ridge corresponding to the groove, practically the dorsal margin of the valve, 
and the anterior and posterior hinge corners are thinned out to allow the closing 
of the valves. It may be a question of interpretation whether this should be 
regarded as a tooth-and-socket arrangement or not, but on the whole it can 
be concluded that there is no basic difference in the construction of the hinge- 
ment in the Ordovician primitiopsids and in the Silurian primitiopsines. 

The orientation, consequently, should be with the dolonal flanges at the rear 
end of the carapace. This is further confirmed by the adductor muscle attach- 
ment and the so-called ‘“‘forward swing’’, the prepletion, of the carapace. 

There is no lobation of the valves at all. As pointed out earlier no dorsum is 
formed, and there is not even an adductorial pit or any trace of a preadductorial 


node. 
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In the female the velum forms a dolonal flange along the posterior and pos- 
teroventral part of the valve, very like that in Clavofabella, but reaching further 
forwards. The velum does not continue forwards in front of the velum. In 
the male it is entirely absent. There is, however, a sharp bend in both sexes, 
especially pronounced in the female, at the level of the expected continuation 
of the velum. This development of the dimorphism in the Ordovician primi- 
tiopsids from Oklahoma distinguishes them as forming the new genus Anzso- 
cyamus described below. 

The characters described so far make comparisons with the Silurian genus 
Clavofabelia attractive, especially with C. reticristata which seems, superficially, 
to show the corresponding reduction of the non-dolonal part of the velum. 

At the first glance this also applies to the reticular ornamentation of the 
carapace walls. As pointed out by Harris (1931, p. 92, and 1957, p. 203), 
however, the right valves always prove to lack the ornamentation over the 
greater part of the valve. In the former paper Harris attributes this fact to 
weathering, in the latter it is said that “hundreds of right valves are worn? 
perfectly smooth, possibly during life of the crustacean while spinning on the 
right side on the muddy bottom, in fashion similar to Recent fresh-water 
Ostracoda observed spinning on the surface’’. 

The primitiopsid reticulation, however, is no superficial feature. It comprises 
the greater part of the thickness of the valve, and it cannot be worn away. The 
reduction of the ornamentation of the right valve is not an individual modi- 
fication but an inherited property, and as shown below the distribution of the 
reticulation can be used as good specific characters within the genus Aniso- 
cyamus. It is not improbable, of course, that the reduction or lacking develop- 
ment of the ornamentation has something to do with an unilateral mode of life 
of the animals. 


Systematic description of the Ordovician material 


The terminology used in the descriptions below follows that used for the 
Silurian species (MARTINSSON 1955, pp. 6-7). 


Anisocyamus Nn. g. 


SyNONYMy.—Since the description of A. bassleri (HARRIS) in 1931 the species 
referred here to the genus have only appeared under the generic name of 
Primitiopsis. 

DERIVATION OF THE NAME.—Latinized from Greek dviooc, unequal, and 
xvauoc, bean, referring to the distribution of the ornamentation and to the 
shape of the carapace. 

D1aGnosis.—Primitiopsid ostracodes lacking adductorial pit, preadductorial 
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node, proper dorsum and all traces of other lobal features. Valves subequal in 
size, reticulate or pitted; ornamentation of the right valve absent, reduced, 
or incompletely developed. Velum missing in the male (diagnosis of the sub- 
family Anisocyaminae, cf. below). Dolon of the female extending from the 
posterior hinge corner along the rear part of the valve, approaching the free 
margin posteroventrally, continued only as a bend along the ventral and anterior 
parts of the free margin. 


Type SPEcIES.—Primitiopsis elegans HARRIS 1957. 
SPECIES.—Primitiopsis elegans HaRRIS 1957. 
Primitiopsis bassleri HARRIS 1931. 
? Primitiopsis minutiperforatus HARRIS 1957. 


OccuRRENCE.—Bromide, Tulip Creek, and (?) McLish formations of the 
Simpson group, Middle Ordovician (Black River) of Oklahoma. Detailed 
reference to all localities known is given by Harris 1957. 

ReMaARKS.—Only Anisocyamus elegans and A. bassleri have been available 
for this revision. There may be some doubt whether A. minutiperforatus has 
the same velar morphology and fits well into the diagnosis. Harris’s figure 
shows a pattern of pits along the velum on the right valve where our experience 
of the other two species would suggest that it would be lacking in the first 
place (HarrRIs 1957, Pl. 6, figs. 21a-21b). Nothing is said in the text, however, 
about the distribution of the ornamentation in other species than in A. bassleri. 

No characters are figured or described which suggest that Primitiopsis minuta 
Harris and P. excavata Harris should be placed in the family Primitiopsidae 
(cf. HARRIS 1957, pp. 204-206; gender emended here). The same remark 
applies to Macronotella multipunctata Kay and M. elongata 'TEICHERT which 
are referred by Harris to the genus Primitiopsis (op. cit., p. 204). The descrip- 
tions of the “‘vertical shoulder” in P. excavata and the truncated posterior end 
of P. minuta almost exclude the existence of a primitiopsid velar dimorphism. 


Anisocyamus elegans (HARRIS 1957) 
Text-fig. 1, Pl. I, figs. 1-8, Pl. II, figs. 1-8. 
1957 Primitiopsis elegans n. sp.—HAarRris, pp. 84, 203-204, 266, and 270; Pl. VI (6), 
fig. 18; Tables facing pp. 74 and 92; Chart 2 and General Ostracoda Range 
Chart. 
Ho.otype.—A left dolonate valve, Harvard University, Museum of Com- 
parative Zoology, No. 4594 (fide Harris, op.cit., p. 203). 
D1aGNnosis.—Anisocyamus species with finely reticulated carapace; reti- 
culation of the right valve developed only as an irregular field in front of the 
adductorial spot. The reticulation density allows 10 to 12 pores to be placed 
along an imaginary line between this and the level of the velar bend. 
DeEscrIPTION.—For general characters, see the preceding chapter. ‘The dolon 
of this species extends along the entire posterior and posteroventral parts of 
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Fig. 1. Anisocyamus elegans (HARRIS 1957). The restorations 
are based on three specimens showing the exterior of a left 
(No. NA 11) and a right (No. NA 10) female valve in the 
first row. In the second row the interior of the same valves 
is shown. The state of preservation did not allow a complete 
restoration of the marginal structure. To the left a female 
carapace in ventral view (No. NA 12). 60x. Drawn by 
E. STAHL. 


NA 12 


the valve. The bend at the velar level is comparatively sharp. The left valve 
is densely reticulated, but the reticulation is missing in a belt along the hinge, 
at least in a field behind a vertical and above a horizontal line through the 
muscle spot, and along the ventral part of the valve. Therefore the actual 
number of pores along the index line adopted from Harris in the diagnosis 
is generally only about 6-8. The right valve lacks ornamentation except in the 
anterior part where the reticulation sometimes reaches the adductorial spot 
with a couple of pores or a row of pores. Especially in this valve the space 
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Fig. 2. Size dispersion of two samples of Anisocyamus elegans (HARRIS 1957). In the upper fig- 

ure obviously two moult stages are represented, in the lower possibly three. The smallest fe- 

male valve in the latter diagram seems to be a case of subadult dimorphism. The difference in 

size is mostly overemphasized due to the fact that the valves are compressed laterally so that 

the margins of the overlapping right valve are bent out (cf. Pl. III, figs. 7-8). For locality refer- 
ences, see p. 146. 


between the pores is often so large that the surface is better described as porate 
than reticulate. In a couple of cases the ornamentation even extends to the 
postadductorial part of the valve. The adductorial spot and the dolon lack 
ornamentation on both valves. Some valves suggest that the marginal structure 
was dissolved anteroventrally in a row of small tubercles or spines. 

Dimensions.—Length of female left valves, dolon included, 785-955 w, 
height over adductorial region 535-660 4. A female specimen with the dimen- 
sions 660 and 450 mw, respectively, is possibly a case of subadult dimorphism. 
For the size dispersion of the material, see Fig. 2. 
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Remarks.—The holotype and the material studied here come from two 
different sections, U.S. Highway 77 Section and U.S. Highway gg Section, 
respectively. There is possibly a somewhat denser reticulation in Harris's 
drawing than in the photographs published here, but with the present material 
and Harris’s correlation tables there is no reason to doubt that the specimens 
from the two sections are conspecific. 

TYPE LOCALITY AND STRATUM.—Oklahoma, U.S. Highway 77 Section, about 
2.45 m above the base of zone 32, Tulip Creek formation of the Simpson group 
(fide Harris 1957, p. 203). 

OccurRENCE.—Known so far only from the Tulip Creek formation (sensu 
Harris) of Oklahoma. 

MATERIAL STUDIED.—A sample with 23 specimens labelled “On Oklahoma 
State Highway gg (road cut) in NE 1/4 SW 1/2 sec. 12 T. IN. R. 6E. Pontotoc 
County, Oklahoma” (prep. JEAN BERDAN, Mus. Pal. Inst. Univ. Uppsala, Nos. 
NA 9-NA3r), from zone 36, and 40 specimens from part of a marl sample 
collected from zone 35 along the same highway, 3 km S of Fittstown, by V- 
Jaanusson 1959 (Mus. Pal. Inst. Univ. Uppsala, Nos. NA 32-NA 71). 


Anisocyamus bassleri (HARRIS 1931) 
Pl. III, figs. 1-10. 


SyNoNyMy.—The synonymy up to 1952 is given by Harris (1957, 202). 
The species is further commented by MarTINSSON (1955, p. 19). 

LecToTyPE (designated herein).—The dolonate carapace figure by Harris 
1931, Pl. XIV, figs. 2a-2b (Harvard University, Museum of Comparative 
Zoology, cf. p. 153). In this paper Harris also refers to material from the Tulip 
Creek formation (Pl. XI, figs. 2a—2d). In both plates the specimens are figured 
with ornamentation on both valves and no difference in the ornamentation is 
shown. In the current text Plate XI is referred to the Tulip Creek formation 
(op. cit., p. 38) and Plate XIV to the Bromide formation (op. cit., p. 47). As 
defined by Harris in 1957 A. bassleri occurs exclusively in the latter formation. 

DiaGNosis.—Anisocyamus species with coarsely reticulated left valve; no 
reticulation at all on the left valve. The reticulation density allows 5-6 pores 
to be placed along an imaginary line between the adductorial spot and the level 
of the velar bend. 

DESCRIPTION.—For general characters, see the preceding chapter. The dolon 
extends along the posterior and posteroventral part of the valve, but is some- 
what shorter than in A. elegans. The bend at the velar level lies nearer the margin 
than in A. elegans, with the result that the anterior end of the carapace is 
fairly evenly rounded in dorsal view. The coarseness of the reticulation and its 
distribution are also characters distinguishing A. bassleri from A. elegans. As 
in A. elegans there are areas of the left valve which lack ornamentation, viz. 
the area above a horizontal line through the adductorial spot and a narrower 
belt along the free margin. 


. 
4 
: 
i 
1 
| 
i 
H 
! 
| 
| 
. 


PRIMITIOPSID OSTRACODES 147 


ANISOCYAMUS BASSLERI 


o 9 (left 
ae right 
e ¢ left 


a d right 


800 900 1000 1100 pp 


Fig. 3. Size dispersion of 8 adult specimens of Anisocyamus bassleri (HARRIS 1931). For locality 
reference, see this page. 


DIMENsIONS.—Length of female left valves, dolon included, 800-900 uw; 
height over adductorial region 525-620 w. For the size dispersion of the material 
studied, see Fig. 3. 

REMARKS.—HarRIs mentions (1931, p. 92; 1957, p. 202) that the male speci- 
mens are rarer than the females, or even “‘occasional’’. The same has been the 
result of the present investigation in which at least the material of A. elegans 
from Dr. JAANUSSON’s marl samples must have been representative for the sex 
ratio. 

TYPE LOCALITY AND STRATUM.—Oklahoma, Arbuckle Mountains, about 
woo m. W U.S: Highway 77, Sec. 25, I..2S., R 1E. Top of zone 8 (29.9 m. 
below the top of the Simpson group), Bromide formation. 

OccuRRENCE.—Known so far only from the Bromide formation of Oklahoma. 

MATERIAL STUDIED.—A sample with 8 specimens from the base of zone 26, 
U.S. Highway 99 Section, Oklahoma (Mus. Pal. Inst. Univ. Uppsala, Nos. 
NA 1-NA 8). 


Systematic position of hitherto known 
primitiopsid genera 


The specific characters of the primitiopsids consist in rather small differences 
in the ornamentation and in details in the morphology of the adventral struc- 
tures. The generic characters are associated with quantitative or qualitative 
differences in the development of the dimorphism, e.g. the extension of the 
dolon or the degree of formation of a closed pouch which seems to be high 
stage of development among the Primitiopsidae. 'The primitiopsid carapace 
does not contain many details to base systematic characters on, but the ones 
mentioned have proved very reliable for the rich Silurian faunas. 

It is evident, however, that the family Primitiopsidae consists of a number 
of series of genera with posterior velar dimorphism which are separated by 
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wide developmental gaps, though it seems certain that monophyletic relation- 
ships exist between most of them. To illustrate this a suprageneric taxonomic 
category is needed. 

For this reason the Silurian genera were referred to two subfamilies, Primi- 
tiopsinae and Leiocyaminae (MaRTINSSON 1956). The Ordovician and Devonian 
genera form three groups which it is convenient to rank at the same level. 

The genus Anisocyamus has many features in common with the primitiopsine 
genus Clavofabella, but they are hardly closely related. The advanced isolateral 
symmetry, the lobation tendency, and the richly developed velar arrangement 
in Clavofabella contrasts with the anisolateral, totally unlobated carapace of 
Anisocyamus where a male velum is lacking. 

Anisocyamus is the only Ordovician primitiopsid genus known so far. 

The Silurian genera are Primtiopsis, Clavofabella, Limbinaria (Primitiop- 
sinae), Leiocyamus, and Amygdalella (Leiocyaminae). Limbinaria is described 
from North America, the others from Scandinavia and Great Britain. Further- 
more Schmidtellina circularis ABUSIK 1957 (nomen nudum), from the Silurian 
of the Siberian Platform, obviously is a primitiopsid; the author has kindly 
reported in a letter that she refers it tentatively to the genus Letocyamus. 

Devonian primitiopsids are known from North America, the Ural region, 
and, possibly, from Germany. 

Leperditellina miranda POLENOVA 1955 and L. crassa POLENOVA 1955 are 
two species with rather different development of a perfectly closed dolonal 
pouch. L. crassa, which is fairly similar to the genus Primitiopsis in the general 
shape of the carapace, agrees well with the drawing of Primitiopsts eifliensis by 
KuUMMEROW (1953, Pl. II, figs. 1ga-1gc). A photograph of the only known 
specimen, in the collections of the Geological Commission of the DDR, made 
by Dr. K. KROMMELBEIN, Frankfurt am Main, could not, however, confirm 
the existence of a primitiopsid pouch with certainty. 

The species mentioned exhibit relatively certain relationships to the Silurian 
primitiopsids. This is, however, not true for the American Devonian species 
Sulcicuneus KESLING 1951 which exhibits a number of foreign features in the 
velar and ornamental characters. The homology of the velum in the primitiop- 
sids and in other eurychilinaceans is far from clear, but internal or superimposed 
structures like the tubercles along the velum in Sulcicuneus and the obviously 
fused denticles forming its pouch are absolutely foreign to the other primitiopsid 
genera. The monotypic genus Sulcicuneus represents the most isolated branch 
of the family. 

The present knowledge of the family is illustrated in the following system: 
Family Primitiopsidae SWARTZ 1936 

Subfamily Primitiopsinae Swartz 1936 

Primitiopsis JONES 1887 

P. planifrons JONES 1887 
Clavofabella MARTINSSON 1955 

C. multidentata MARTINSSON 1955 
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C. incurvata MARTINSSON 1955 
C. reticristata (JONES 1888) 
C. borussica (KUMMEROW 1923) 
Limbinaria Swartz & WHITMORE 1956 
L. multipunctata Swartz & WHITMORE 1956 
L. biangulata Swartz & WHITMORE 1956 
L. paucipunctata Swartz & WHITMORE 1956 
Subfamily Lezocyaminae MARTINSSON 1956 
Leiocyamus MaRTINSSON 1956 
L. apicatus MaRTINSSON 1956 
Amygdalella MARTINSSON 1956 
A. subclusa MaRTINSSON 1956 
Subfamily Anisocyaminae n. subf. 
Anisocyamus n. g. 
A. elegans (HARRIS 1957) 
A. bassleri (HARRIS 1931) 
? A. minutiperforata (HarRRIS 1957) 
Subfamily Polenovulinae n. subf. 
Polenovula n. g. 
P. crassa (POLENOVA 1955) 
? P. eifliensis (KUMMEROW 1953) 
Viazoviella n. g. 
V. miranda (POLENOVA 1955) 
Subfamily Sulcicuneinae n. subf. 
Sulcicuneus KESLING 1951 
S. porrectinatium KESLING 1951 


Among the increasing number of species which are referred to the family 
Octonaria muricata ULRICH & BASSLER 1923 and Primitia cristata JONES & 
Hoi 1865 (Clavofabella cristata, cf. MARTINSSON 1955, p. 23) are certain 
primitiopsids, but they cannot be placed within the system owing to the lack 
of revisions and insufficient knowledge about the velar morphology. 


Diagnoses of new subfamilies and of new 
Devonian genera 


Before the treatment of the new subdivisions of the family some remarks 
should be added about the family name Primitiopsidae. 


The original spelling is Primitiopsidae (cf. SWARTZ 1936, p. 555). Since then the spell- 
ings Primitiopsiidae, Primitiopseidae and Primitiopsididae have appeared. Only the last 
spelling has been accompanied by a linguistic motivation (POKORNY 1958, p. 227, note 1). 

Article 4 in the International Code of Zoological Nomenclature says that a family 
name is formed by adding the ending -idae to the stem of the name of its type genus. 
The generic name Primitiopsis is constructed from the generic name Primitia and the 
Greek substantive dic, gen. deog (“sight’’, ‘“appearance’’), here used in the adjectivic 
meaning “like”, ‘‘similar to”. The transcribed Greek stem would, therefore, be opse-. 

Article 3 of the same Code states that the zoological nomenclature must be based on 
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words which are either Latin or latinized, or considered and treated as such in case 
they are not of classic origin. Words of the present type adopted into Latin were declined 
with the genitive ending -is (like homoeosyllabic Latin words in -is) or, preferably, 
with the original Greek genitive ending -eos (WIKEN 1951, p. 164). But in the case of 
the adjectivized ending -opsis there is a third possible genitive, viz. -opsidis (WIKEN 
1951, p. 171; cf. PoKoRNyY, l.c.). Thus the three alternatives Primitiopse-idae, Primi- 
tiopsid-idae, and Primitiops-idae (but not Primitiopsi-idae) are all verified, and there is 
no necessity to emend SwarTz’s original spelling Primitiopsidae. 


Subfamily Anzsocyaminae n. subf. 


D1aGNosis.—Primitiopsid ostracodes lacking adductorial pit, preadductorial 
node, proper dorsum and all traces of other lobal features. Valves subequal in 
size, reticulate or pitted; ornamentation of the right valve absent, reduced, or 
incompletely developed. Velum missing in the male. 

TYPE GENUS.—Anisocyamus n.g., the only genus described so far. 

Remarks.—The subfamily differs from the subfamily Primitiopsinae by the 
complete absence of lobal features and of a velum in the male and younger 
tecnomorphs. It differs from the subfamily Lezocyaminae by the subequal size 
of the valves and by the absence of a dorsum, and from both subfamilies by the 
unilateral arrangement of the ornamentation. The affinities to the Silurian 
forms seem to be evident. 

OccURRENCE.—Simpson group, Ordovician of Oklahoma. 


Subfamily Sulctcuneinae n. subf. 


D1aGNosis.—Primitiopsid ostracodes with sulcoid adductorial pit, preadduc- 
torial node, and granulose ornamentation of the valves. Velum developed in 
both sexes; the dolon of the female with radiate internal structures, forming 
an almost closed pouch. Tuberculate ornamentation on the edge of the velum. 

TYPE GENUS.—Sulcicuneus KESLING 1951, the only genus described so far. 

ReMaRKS.—The morphology of the dolon is an absolutely distinctive char- 
acter as against all other primitiopsids. The ornamentation of the sides of the 
valves and of the velum, furthermore, are entirely foreign to the other sub- 
families which are unornamented or form series of typically reticulate or pitted 
forms. 

OccuRRENCE.—T'raverse group, Devonian of Michigan. 


Subfamily Polenovulinae n. subf. 


D1acnosis.—Valves almost equal in size, without any other lobal features 
than a sulcoid depression. No distinct velum in the male or in front of the dolon 
in the female. Dolon forming a perfectly closed pouch the walls of which 
merge with the carapace walls without any marked exterior morphological 
or ornamental limit. 
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TYPE GENUS.—Polenovula n. g. 

GENERA.—Polenovula n. g. and Viazoviella n. g. 

Remarks.—These ostracodes follow up the developmental trends of the 
Silurian primitiopsids. The dolonal pouch and the domicilium form, as far as 
the exterior is concerned, a morphologically natural unit. Unfortunately no 
detailed study of the velar morphology has been made, especially as no isolated 
valves have been available. It is probable that the velum is marked by the bend 
along the ventral part of the valve in Viazoviella and is completely fused with 
the margin in Polenovula in the same way as is indicated by Primitiopsis plani- 
frons and Clavofabella reticristata among the primitiopsines. The surface of 
all known forms is perfectly smooth. The only trace of a lobation is the faint 
sulcoid depression in Viazoviella. 

The affinities to the Silurian Primitiopsinae seem to be evident at least in 
Polenovula. There is, however, a considerable evolutional gap between the 
ornamented primitiopsines, with their faint traces of a lobation and with 
generally well-developed non-dolonal parts of the velum, and the smooth 
polenovulines which almost completely lack these features. 

The species included were referred by POLENOVA (1955) to the genus Leper- 
ditellina NECKajA (nomen nudum), with the undescribed species L. diffusa from 
the Upper Ludlovian of Osel (Saaremaa), Estonia, as the type species. To 
judge from POLENOva’s generic diagnosis (op. cit., p. 197) this is a reticulate 
primitiopsine. 


Genus Polenovula n.g. 


DERIVATION OF THE NAME.—Named in honour of the author of the type 
species, Mrs. E. N. PoLtenova, Leningrad. The name is the feminine diminutive 
of an adjective with the stem Polenov-. 

D1acnosis.—Polenovuline ostracodes with very tumid, smooth carapace, 
without any lobal features but with an anterocentral muscle spot. Dolon forming 
a closed pouch, covering only the posterior part of the carapace, not drawn 
forwards posteroventrally. 

Type species.—Leperditellina (?) crassa POLENOVA 1955 (for description and 
figures, see POLENOVA 1955). Possibly one more species, Primitiopsis etfliensis 
KUMMEROW 1953, belongs to this genus. 

OccuRRENCE.—Vjazovian beds, Middle Devonian (Givetian) of south- 
western Ural and, possibly, Middle Devonian (Givetian) of western Germany 
(Rheinisches Schiefergebirge). 

Remarks.—It is possible, as far as can be observed from the three specimens 
(19, 13, and one small tecnomorph) of P. crassa examined, that the continua- 
tion of the dolon lies immediately on the free margin of the valve where a thin 
and low ridge is formed. No marginal structure of the usual primitiopsid type 
can be observed on these specimens which are all closed carapaces. Nothing 
is said about admarginal structures in the larger German species, ? P. eifliensis. 
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Genus Viazoviella n. g. 


DERIVATION OF THE NAME.—Feminine diminutive of an adjective Viazovius, 
referring to the Vjazovian beds (Basosckue con), named after the railway 
station Vjazovaja, southern Ural. 

D1aGnosis.—Polenovuline ostracodes with somewhat flattened, smooth 
carapace, with a faint sulcoid depression in the adductorial region. Dolon 
forming a closed pouch extending along the posterior and posteroventral parts 
of the carapace, continued forwards by a sharp bend along the ventral part of 
each valve near the free margin. 

Type Species.—Leperditellina miranda POLENOVA 1955, the only species 
known so far (for description and figures, see POLENOVA 1955). 

OccuRRENCE. — Vjazovian beds, Middle Devonian (Givetian) of south- 
western Ural. 

Remarks.—It has not been possible to obtain an exact view of the termination 
of the pouch forwards (material examined: 2 99, 2 3d, and one small tecno- 
morph). In one female specimen the dolon is broken so that the subdolonal 
field can be observed. A normal marginal structure is evidently present. 


Institute of Palaeontology, University of Uppsala, November 6th, 1959. 
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ADDENDUM. — During the printing of this paper Dr. H. B. Wu1tTTINcTon, Cam- 
bridge, Mass., has kindly placed at the author’s disposal information about the type 
material of the Simpson ostracodes in the Museum of Comparative Zoology at Harvard 
University and has sent the type specimens deposited there to the author for examina- 
tion. 

The lectotype of Anisocyamus bassleri is not, as stated on p. 146 (fide AMSDEN, T. W., 
1957: Catalog of Middle and Upper Ordovician Fossils. Okl. Geol. Survey, Circ. 43, 
p. 23) registered in the collections of this museum. 

It is further evident that not only Primitiopsis minutiperforata HARRIS 1957 but also 
P. minuta HARRIS 1957 are primitiopsids. It is impossible to clarify the relationships of 
these species to the Anisocyamus species revised here on the base of these two specimens. 
In the former species the anterior end of the dolon is bent towards the free margin 
and is not continued forwards by a velar bend clearly set off from the free margin. The 
holotype of P. minuta has very inconsiderably developed dolonal flanges, but the speci- 
men seems to exhibit the same tendency to asymmetric distribution of the ornamenta- 
tion as known from Anisocyamus bassleri and A. elegans. 
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Explanation of the plates 


The specimens were whitened with ammonium chloride before photographing, except those 
photographed in transmitted light. A slight retouch has been undertaken. All figures magni- 
fied 50 x. Photographs by ANDERS MartTINnsson. Retouch by Eric STAHL. 

The numbers in the series NA refer to the Museum of the Palaeontological Institute, Uni- 
versity of Uppsala. For locality references, see pp. 146 and 147. 

The letter symbols to the right of the museum numbers mean: 
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Plate I 


Anisocyamus elegans (HaRRIS 1957) 


Morphology and ornamentation of two right and two left female valves. The left 
row shows the specimens in incident light, the right row the same specimens in 
transmitted light. 


Plate II 


Anisocyamus elegans (HARRIS 1957) 


Internal view of the female valves in Plate I, to show the extension of the dolon 
and the contact conditions of the valves, including the hingement. The muscle spot 
is very distinct in the left valves, and remains of the marginal structure can be 
traced at the anterior margin of the specimen in Fig. 1. 


Adult male carapace. 

Tecnomorph in the penultimate moult stage. 

Female carapace in ventral view, showing the extension of the dolon and the mar- 
ginal structure. 

Tecnomorph in ventral view. 


Plate III 


Anisocyamus basslerit (HARRIS 1931) 


Female carapace. 

Male carapace. 

Female carapace. 

Male carapace, compressed. 


. Two right valves in transmitted light showing the complete absence of ornamen- 


tal structures. 
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10. Trilobites of the Genus Megistaspis from the 
Vaginatum Limestone of Scandinavia 


By 


Birger Bohlin 


ABSTRACT.—Eleven species of the asaphid genus Megistaspis JAANUSSON are described from 
the Lower Ordovician Vaginatum limestone of Sweden and one species from the corresponding 
beds of the Oslo region, Norway. Five new specific names are proposed. Megalaspis rudis 
ANGELIN is considered a nomen dubium, and the members of Megistaspis with a more or less 
smooth pygidium previously referred to this species are included in the new species M. convexa 
and M. bombifrons. The type material of M. grandis (Sars) is redescribed and considered to 
belong to a separate species hitherto known only from Norway. Examination of the types and 
additional material of M. heros (DaLMan) has shown that the specimens from Oland, Ingerman- 
land, and Estonia previously referred to this species belong to M. heroica n.sp. Similarly, the 
mmaterial from Ingermanland and Estonia described by F. ScHmipT (1906) as Megalaspis acuti- 
cauda ANGELIN is considered here as a separate new species, M. spinulata, which seems to occur 
also in Oland together with M. acuticauda. Eight of the species described belong to the subgenus 
Megistaspis (Megistaspidella) JAANUSSON, 1956, whereas M. heros, M. heroica, and M. lawrowi 
cannot at present be placed in any known subgenus of Megistaspis. A close examination of some 
well preserved pygidia has revealed that the boundaries between the segments in Megistaspis 
run in front of the ribs, and not in the rib furrows. 
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Introduction 


The present paper is based chiefly.on material collected by the author in 
Oland between 1939 and 1955. It comprises a great number of fragmentary 
cranidia and free cheeks and a still greater number of pygidia, in all more than 
500 specimens. The cranidium is, in most cases, the part of the carapace which is 
best suited for a characterization of the species whereas the pygidia of some of 
them (e.g. M. bombifrons and M. convexa) obviously cannot be distinguished 
from each other, except, possibly, if a great material of perfectly preserved 
specimens were available. Often no attention can consequently be paid to 
material from localities where only pygidia have been found. In some species, 
on the other hand, the pygidium can be more distinctive than the cranidium, 
e.g. in the series of M. bombifrons, M. obtusicauda, and M. gigas. The present 
paper will deal only with material that can be referred to well defined species. 

The species described are of great importance for the characterization of the 
faunas from different levels. ‘Thus, for instance, it is evident that the upper 
part of the ‘‘Raniceps’” limestone contains a distinctive species of Megistaspis 
not occurring in the lower part. his species, together with others, such as 
Pseudoasaphus duplicatus BOHLIN and Homalopyge stacyi (F. SCHMIDT), empha- 
sizes the difference between the Upper ‘“‘Raniceps’’ fauna and the faunas below, 
and possibly brings it nearer to the fauna of the Gigas limestone. 

The material collected in Oland by the author, Dr. V. Jaanusson, Dr. H. 
Moutvel, and others is kept in the Palaeontological Museum at Uppsala; there 
is furthermore a collection from Oland, mainly by G. Ho_m and G. von 
SCHMALENSEE, in the Museum of the Geological Survey (Sveriges Geologiska 
Undersékning) in Stockholm. The author has also had the opportunity of 
studying material from other parts of Sweden in the Palaeontological Museum, 
Uppsala (U.M.), the Museum of the Geological Survey (S.G.U.), the State 
Museum of Natural History (Naturhistoriska riksmuseets paleozoologiska av- 
delning =R.M.), Stockholm, and the Palaeontological Museum, Lund (L.M.). 


ACKNOWLEDGEMENTS.— Thanks are due to Dr. F. BROTZEN of the Geological 
Survey, Dr. J. E. Hepe, Lund, and Dr. H. Mutvet, State Museum of Natural 
History for kindly having put material from the museums at the author’s dis- 
posal, and also to Dr. G. HENNINGSMOEN, Palaeontological Museum, Oslo (O.M.) 
who had the kindness to send the important type specimen of M. grandis and 
some other Norwegian material to Uppsala to be studied. The complete spe- 
cimen of M. heros Daman (PI. V, fig. 1) was kindly placed at the author’s 
disposal by Lektor SvEN KILANDER, Skara. 

The work proceeded under daily stimulating discussions with Dr. V. Jaa- 
NussoN and Dr. 'T’. 'TJERNVIK to whom the author is greatly indebted for assis- 
tance with literature and much good advice. 

The material was prepared by Mrs. Meir LinpELL. The photographs were 
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taken by Mr. N. Hjortu, and the drawings were made by Mr. E. STAHL and 
Mrs. Inca THomasson. The typing of the manuscript was made by Mrs. Eva 
ExLinD. For their patient and skilful assistance the author wishes to express his 
sincere thanks. It may be especially mentioned that much of the structures 
seen in the photographs is hardly visible in ordinary light, and that almost every 
specimen has offered problems if its own. 


Morphology and Terminology 


SEGMENTATION OF THE GLABELLA.—It is not the author’s intention to take 
sides in the discussion about the number and boundaries of the segments in the 
trilobite head. Raw (1953, p. 113) gives figures illustrating nine more or less 
sound theories, and yet all theoretical possibilities are not discussed. The 
following account of the segmentation of the Megistaspis glabella is purely 
topographical, and necessary for the comparison of the species inter se. The same 
details (‘Text-fig. 1) seem to occur, more or less distinctly, in all species, and 
thus, whatever the homologies of the lobes and furrows might be, when com- 
pared with other types of trilobites, the elements of the relief are the same in 
all species of the genus Megistaspis. 

The frontal lobe is large, usually semicircular in outline, occupying about 
3 of the length of the glabella; at its posterior corners there are small elongate 
depressions which might indicate that the lobe represents two segments. The 
corners are drawn out backwards in the direction of the palpebral lobes. For 
the elements behind the frontal lobe the symbols proposed by JAANUSSON 
(1956b, p.37) are used with some additions. L3 and L2 are narrow, in their 
medial part at right angles to the long axis of the glabella; laterally they curve 
backwards in the direction towards the eye (cf. Pl. VII, fig. 6). When S53 and 
S2 are shallow, they are occupied by low narrow ridges, Ms3 and Msa, respec- 
tively, which may rise above the level of the surrounding lobes, Msz2 being the 
most distinct one. It is interesting to note that in species with flat, featureless 
glabella Ms2 may be more prominent than any other detail of the weak relief 
(cf. F. Scumipt, 1906, Pl. VIII, fig. 2, where the ridges are visible as two 
ovals at the mid-length of the glabella), and they are often the last to persist, 
when all other details have been effaced by weathering. As these ridges increase 
in size, the lobes shrink, and the result represents a kind of reversed segmenta- 
tion (this is evidently what has happened in Pseudoasaphus, cf. BOHLIN, 1955, Pl. 
VI, fig. 4). The ridges may correspond to attachments of muscles on the internal 
surface of the test (cf. BROGGER, 1886, pp. 19 and 20). OpIk (e.g. 1929, p. 8) 
evidently thinks that the paired ridges in Pseudoasaphus correspond to segments. 

St is very wide, and runs inwards and backwards. At its inner end, however, 
it branches round a projection from the medial part of the glabella (Lx). In 
forms with a very flat glabella Sr is almost entirely occupied by a flat, diffuse 
elevation (Msr) evidently of the same origin as the ridges Ms2 and Ms3. In some 
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Text-fig. 1. Megistaspis, cranidium. Diagram. Terminology used in the descriptions. 


specimens Msi is continuous with Lx. This might mean that these ridges 
could instead be interpreted as parts of a segment. Such a segment is, however, 
certainly not present in the more primitive type of glabella, e.g. in Niobe. 

Li is directed outwards and somewhat forewards. Between its distal end 
and the palpebral lobe there is a small oval swelling that may be homologous 
with the alae in Harpes (WHITTINGTON, 1950). A similar structural element 
is found in Niobe (cf. BOHLIN, 1955, Pl. VI, figs. 5-7) and in Pseudoasaphus 
(loc. cit. Pl. VI, fig. 4; in the text p. 144 erroneously identified with the occipital 
lobe as defined by WarBurRG, 1925, Text-fig. 1). The alae are very variable in 
size but seldom entirely missing. In early species of e.g. Niobe and Niobella 
described by TJERNVIK (1956) the furrows separating the alae from L1 are very 
faint, in many specimens so faint that they were overlooked when the drawings 
were made (e.g. loc. cit. Fig. 37 A and B). In later species this furrow has become 
more marked, and in Megistaspis the alae may be so far removed from the main 
part of the glabella that they appear as small elevations within the dorsal 
furrow. The true dorsal furrows, however, still run between the alae and the 
palpebral lobes. 

The occipital furrow (So) is usually very shallow, and in most species dealt 
with here only its lateral portions are distinguishable; in forms with a very 
flat glabella, or otherwise with poorly developed segmentation of the glabella, 
the furrow may be hardly visible at all. Therefore no distinction can be made 
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Text-fig. 2. Megistaspis (M. acuticauda), 
cephalon. Diagram. B, width. A-B, 
length used to give an approximate idea 
of the shape of the head in comparing 
different species. Terminology used in 
the description of the free cheek. 


Genal/ spine 


between the glabella and the occipital ring as defined by WaRBuRG (1925, p. 3; 
also HowELL et al., 1947, p. 74). Thus, in this paper, the term glabella is made 
to include the occipital ring (cf. WHITTINGTON, 1950, p. 533). For the latter 
the symbol Ao (annulus occipitalis) will be used. 

In most forms described here the posterior width of the glabella measured 
at the occipital ring is greater than that of the frontal lobe, and thus the glabella 
is more or less distinctly conical. 

The glabellar tubercle is situated at the level of the posterior border of the 
palpebral lobes; it can be fairly large in M. heroica and M. gigas, but in the 
other forms described below, it is always very small. The distance from the 
posterior margin of the cranidium to the tubercle is about equal to that from 
the tubercle to the dorsal furrow (this is valid at least for all species dealt with in 
the present paper). 


FREE CHEEKS.—On the dorsal surface of the free cheeks the following features 
can be distinguished: 

(1) Narrow anterior processes embracing the preglabellar field in front of 
the doublure furrows and continuing along the sides of the snout.’he very 
wide doublures of the processes meet below the preglabellar part of the crani- 
dium in a median suture. 

(2) A triangular middle portion of the free cheek may for descriptional 
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Text-fig. 3. Rachis and right pleura of a thoracic segment. Diagram. Terminology used in the 
descriptions. 


purposes be delimited as shown in Text-fig. 2. It will here be designated as 
the body of the free cheek. The doublure furrow separates a median surface 
around the eye from a lateral surface. The former surface is in most (all?) 
species covered with a fine striation radiating from the base of the eye to 
slightly beyond the doublure furrow. 

(3) Posterior processes forming the genal spines which are incomplete in 
most specimens, but evidently, at least in some species, are drawn out into 
a long, very fine point (cf. Pl. XII, fig. 4). 

The external margin of the free cheek is raised as a very fine, ohare delimited 
marginal rim. 

In most species described below the peripheral area of the free cheek is 
flattened, forming a border. This border is broad in M. heroica n.sp. but in 
others, e.g. M. acuticauda, it is narrow and indicated only by a slight concavity. 
In M. gigas, at least in the specimen figured on Pl. XII, fig. 4, no border can 
be distinguished. In M. convexa n.sp. a narrow zone with a steep outward 
slope is intercalated between the concavity of the border and the marginal rim 
(Pl. IX, figs. 1 and 2). These observations concern the body of the free cheek. 
In all species the border merges smoothly into the wide flattened area in front 
of the glabella. 


Hypostoma.—Several specimens of the hypostoma are available, but none 
found in connection with the cephalon. For a high percentage of the specimens 
the exact stratigraphical level is unknown. It is therefore very uncertain to which 
species they belong, and a much larger material is needed before a description 
is worth while. 


‘THoRAX.—The complete thorax, or even isolated thoracic segments, is 
known only in a few of the species dealt with in this paper. In Oland, at 
least, there is very little hope of finding complete specimens of the species 
of Megistaspis in the Vaginatum limestone; isolated thoracic segments are seen 
now and then, but have only occasionally been collected. Evidently one ought 
to pay more attention to such finds than has hitherto been done as there are 
marked differences in the structure of the segments in the forms in which the 
thorax is known, e.g. differences in the relative width of the rachis and in its 
delimitation from the pleura, in the relief of the inner portion of the pleura, and 
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Text-fig. 4. Segmentation of the pygidium. Diagram. Terminology used in the descriptions. 


in the position and the distinctness of the angle between the internal and the 
external portions. The terminology used for the description of the thorax is 
on the whole that used by WarBurG (1925), but it has been found convenient 
to introduce some new terms: Pleural angle, the angle on the anterior margin 
of the anterior pleural band, marking the boundary between the inner and 
the outer portions of the pleura (i.e. at the fulcrum); the pleural facet has its 
inner end at the pleural angle. The ob/ique part of the anterior pleural band is 
the part extending from the pleural angle to the lateral end of the pleural furrow. 
Further the term rachial ring will be used instead of “‘axial ring”’ (Text-fig. 3). 


THE SEGMENTATION OF THE Pycip1um.—The anterior half of the first seg- 
ment (BARRANDE, 1852: demicéte articulaire) agrees in all details with that of the 
thoracic segments though the pleural furrow is wider than in these, and extends 
further laterally than in the last thoracic segment. Farther back the fusion of the 
segments has made it difficult to trace their separate elements, but a study of 
minute details on some well preserved moulds has led to the interpretation 
given in Text-figs. 4 and 5. 

The articulating half ring of the pygidium is followed behind by an articulat- 
ing furrow. 

The next ring (7 +2 in Fig. 4) is double. It consists of an anterior, more 
prominent part and a lower posterior part that is more or less distinctly divided 
by a small median depression extending forwards from the furrow behind the 
ring. Often the anterior and posterior portions of the ring join in front of this 
depression so as to form a small median tuberosity (‘Text-fig. 5). The same de- 
tails can usually be distinguished also on the second (2 +3) and third (3 +4) 
ring. Complications in the structure of the rings are, however, present all 
along the rachis. In the 4th to 7th rings the anterior and posterior portions are 
usually confluent, farther back the rings start again to break up into elements 
(Text-fig. 5; Pl. I, fig. 2). An often striking feature are three rows of minute 
tuberosities which stand out clearly in very oblique light, either the middle row 
or the side rows being most prominent. The middle row is formed by the median 
tuberosities mentioned above, and may in the posterior third of the rachis 
fuse to form a low median keel. The lateral rows consist of small elevations at 
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Text-fig. 5. A, development of the rings in 
different parts of the pygidial rachis. Diagram. 
1 to 13, rings. I to IV, segments (between 
anterior border of articulating half rings). R, 
elevated posterior end of rachis. B, detail of 
the twelfth and the thirteenth rings. 


the sides of the small depressions entering the posterior portion of the rings. 
Posteriorly the lateral rows seem to merge into the sides of the keel formed by 
the median tuberosities. Finally, the external ends of the anterior portions of 
the rings may be slightly protuberant. This description is based, especially as 
far as the posterior half of the rachis is concerned, on a couple of well preserved 
specimens. In other equally well preserved pygidia all the finer details are not 
visible, which possibly depends on how far the fusion of the segments has 
proceeded, a process that is undoubtedly subject to individual variation. 
Further, if the rings stand out in strong relief, as for instance in M. gigas (ANG.), 
the details are more likely to be obscured than in forms with a very flat rachis 
(e.g. M. bombifrons n.sp.). 

The double rings can be considered to correspond to the rachial rings of the 
thoracic segments. The peculiar differentiation of the rings may then be due 
to the fact that the articulating half ring extended underneath, and fused with 
the posterior half of the ring. It is even possible that the articulating half ring 
supplanted the posterior portion of the rachial ring or at least the median part 
of it, and thus came to occupy a small area on the external surface of the test. 
The structures described are best seen on internal moulds but are plainly 
visible also in specimens with well preserved tests (PI. II, fig. 3). In Text-fig. 4, 
the boundaries between the segments of the rachis have been drawn at the 
supposed anterior margin of the articulating rings. 

Within the dorsal furrow the anterior portion of a ring has connection with 
a narrow ridge that curves backwards and outwards to the anterior side of the 
corresponding rib. In the anterior segments, where the ribs are usually strong, 
even in forms with otherwise an almost smooth pygidium, the ridge is lower 
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than the rib, and delimited from this by a furrow for a distance equalling half 
the length (¢r.) of the rib or more, before it merges into the anterior side of 
the rib (PI. I, fig. 1). The furrow has no connection with the rib furrow. In a 
small specimen, evidently of M. bombifrons, very fine furrows with sharp raised 
edges run along the anterior side of the ribs from the inner border of the 
doublure (PI. I, fig. 3; running in the direction of the arrows). The inner end 
of the ribs proper lies opposite the external end of the posterior part of the 
rachial ring. The only possible interpretation of this fact is that the ribs are 
homologous with the anterior band of the thoracic pleura, and that the bound- 
aries between the segments run in front of the ribs. The posterior band is 
represented by the oblique rudimentary ridge behind the pleural furrow. 


STRUCTURE OF THE 'TEsT.—The test of Megistaspis has terrace lines only on 
the doublure, on the facets of the thoracic segments and of the pygidium, and 
on the genal spines. In forms with a long snout there are lines on the doublure 
only at the base of the snout (PI. XI, fig. 7), a few lines may occur on the upper 
surface along the margin of the free cheek and the pygidium. Otherwise the test 
has been considered to lack surface structures. 

On closer examination, however, very small pits (on the internal surface 
indicated by small tubercles) have been found to occur in all species, some- 
times closely spaced (PI. II, fig. 1), sometimes sparse. The pits may be of two 
sizes, and in this case the smaller ones form a densely punctuated background 
over which the larger ones are scattered; on the pygidial border of M. heroica 
n.sp.a fine furrow extends from each pit towards the edge (PI. II, fig. 2). The 
pits can as a rule be seen only if the surface of the test has not suffered from 
weathering or corrosion. In the species considered here the density of pits is 
not the same in all parts of the test; thus the pits may be sparse in the central 
parts and more crowded at the borders. It must be pointed out, however, that 
the scarceness of suitable material prevents at present the distinction of patterns 
characteristic of different species. Pits of this kind were observed by ‘TJERNVIK 
(1956) in Megistaspis planilimbata. 

It is interesting to note that in some specimens in which the test has peeled 
off a thin, perfectly smooth lamella is left which evidently also belongs to the 
test (cf. STORMER, 1930, PI. 12). On this lamella the pits are as distinct as on 
the surface of the shell. Finally the pits can be seen on the mould if the sediment 
is fine enough to reproduce almost microscopic details. 

A peculiar structure that seems to derive from the texture of the test is seen 
in Pl. II, fig. 3. In the pygidial rachis it consists of fine striae diverging from the 
middle forwards and outwards to the dorsal furrow, where they suddenly turn 
outwards and somewhat backwards. This structure is entirely independent of 
the relief of the pygidium, traversing rachial rings and ribs at acute angles. 
Where the relief is weak, it may be superseded by the striation, as for instance 
the weak ribs in the posterior part of the pygidium. In the anterior ribs the 
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distal end of the part behind the rib furrow may become diffuse, and merge into 
a network formed by the striae. The striation stands out in relief on both 
external and internal surfaces of the shell and may be preserved on the 
internal mould of the pygidium (Pl. II, fig. 4). It was observed in pygidia of 
M. heros, M. acuticauda, M. curvispina, and M. gigas, but only in a few specimens 
with weathered test (BOHLIN, 1955, p. 150); indications of it can be seen in 
other species. It is not restricted to the pygidium, as the striation in the crani- 
dium of M. lawrowi and M. heros shows (PI. VII, fig. 8; cf. diagram Text-fig. 
13). The striation probably occurs in all species of Megistaspis and perhaps also 
in other asaphid genera. 


MEASUREMENTS.—Several species were measured, and tables of measurements 
prepared. [he measurements were of some help when characterizing the 
species, but on account of the deficiency of the material the tables contain 
so many gaps and uncertainties that they do not bring our biometric knowledge 
of the species of Megistaspis much further than do statements about ratio be- 
tween length and width etc. in the text. Even in well preserved specimens 
measurements may be difficult to define, as for instance length and width of 
the glabella, as the glabella is marked by a change in the slope of the dorsal 
surface and not by distinct furrows. Measurements are therefore given only 
for the smallest and largest available specimens of the species. 


Organisms Boring in the Trilobite Test? 


The exuviae were evidently rapidly destroyed in case they were not embedded 
immediately after moulting. The seawater is probably to some degree respon- 
sible, but judging from a greater number of specimens it was aided by some 
organisms which were attached to the corroded test. There are on the surface 
branching, winding, and anastomosing ridges (‘Text-figs. 6 and 7), semicircular 
in cross-section, and where these are attached to the test, its substance seems 
to be altered underneath; no structures (like pores or striae) can be seen. Such 
ridges are never seen in specimens in which the surface of the test is smooth, 
and their formation seems to have contributed to the destruction. They are 
here supposed to be calcite fillings of tubes bored in the test or superficially 
built. They are undoubtedly primary in so far as they were products of organisms 
contemporary with the trilobite fauna. This is apparent from the fact that a 
colony of a bryozoan is seen attached to a specimen strongly influenced by such 
corrosion (Pl. IV, fig. 1). What kind of organisms produced the ‘‘tubes” will 
perhaps never be discovered. 

STORMER (1931) has described traces of boring organisms from the test of 
various trilobites, but quite different from those described here. Structures 
evidently more similar to those described above were mentioned by REGNELL 


(1945, p. 56). 
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‘Text-fig. 6. Megistaspis obtusicauda (BOHLIN). Pygidium. Destruction of the test, probably by 
‘ boring organisms. 


| 
. 


n 


Text-fig. 7. Megistaspis bombifrons n. sp. 


Same phenomenon as in Text-fig. 6. 
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Genus Megistaspis JAANUSSON, 1956 


The fundamental facts respecting the genus were discussed by JAANUSSON 
(1956). The old well-known name of thegenus (Megalaspis) was altered, and a 
new diagnosis given. It may be necessary to alter the latter in one point owing 
to discoveries made after the appearance of JAANUSSON’s paper. He mentions 
in his diagnosis that the lateral parts of the cephalon are “ganz oder teilweise 
konkav, einen deutlichen Limbus bildend’’. In an adult specimen of M. gigas 
there is no such concavity, and in some other species of the same group the 
concavity and thus also the border are not very distinct (see also p. 160). It is, 
however, evident that in earlier forms a border is always present. It shrank as 
the head became more elongated and the body of the free cheek in consequence 
narrower. 

JaaNnusson has distinguished two subgenera of Megistaspis, but mentions that 
such forms as M. heros and lawrowi have only tentatively been referred to one 
of these subgenera (Megistaspidella) which implies that in the future yet more 
subgenera will probably have to be distinguished. 

The present paper deals exclusively with species of the sarees Megistaspis 
(Megistaspidella) as defined by JaAaNussON, and no attempt is made here to 
carry the subdivision further than was done by him. A grouping of the species 
is, however, possible. 

(A) Suscenus UNCERTAIN.—(1) Megistaspis lawrowi (F. ScumipT) differs 
from all others by its strongly convex and almost perfectly smooth glabella, and 
its comparatively short preglabellar field. Pygidium triangular with a short 
spine; width of doublure the same anteriorly and posteriorly. 

(2) Megistaspis heros (DALMAN) and M. heroica n.sp. The sides of the head 
meet forwardly in a broad point, accentuated by slight concavities of the outline 
on each side. Glabella convex, its segmentation marked by deep furrows. 
Pygidium triangular with a terminal spine. Pygidial doublure of uniform width 
(Text-fig. 8). 

(B) Suscenus MEGIsTasPIDELLA.—(3) M. acuticauda (ANGELIN) has a pygi- 
dium with a terminal spine, and a doublure somewhat narrower in front than 
behind; the snout is long and the glabella very flat. The forms from the lower- 
most ‘“‘Raniceps” limestone of Oland are imperfectly known, but suggest that 
M. acuticauda should be connected with M. curvispina and related species rather 
than with M. heroica. About M. acuticauda sensu F. Scumipt, see p. 186. 
As, however “‘M. acuticauda’”’ in Sweden as well as in the East Baltic area is 
very variable, and probably comprises more than one species it will here for 
greater clarity be kept apart as a species group of its own. 

(4) Megistaspis convexa n.sp., M. curvispina n.sp., M. bombifrons n.sp., M. 
obtusicauda (BOHLIN), and M. gigas (ANGELIN) agree in many respects: The 
head is drawn out in front into a long snout, the glabella is flattened and with 
distinct but not very prominent segmentation. The pygidium is rounded 
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Text-fig. 8. Pygidium of the heros type. Width of doublure uniform. Text-fig. 9. Pygidium 
of the bombifrons type. Doublure narrower in front than behind. 


posteriorly, and the doublure is distinctly broader behind than in front (Text- 
fig. 9). 

Megistaspis (Megistaspidella) extenuata (WAHLENB.) and related species are 
not treated in the present paper. 

Megistaspis acuticauda belongs to the Expansus fauna. The lower ‘‘Raniceps”’ 
limestone (in N. Oland roughly the part with plenty of glauconite) has yielded 
a form resembling M. convexa from Dalarne. The middle division—that 
without macroscopical grains of glauconite or of any other substance—evidently 
has the same fauna as the upper division; M. bombifrons n.sp., Pseudoasaphus 
duplicatus BOHLIN and Homalopyge stacyi (F. SCHMIDT) were collected at Norra 
Udden (north-westernmost point of Oland) in limestone of that division. 


Table I. Stratigraphic distribution of the species of Megistaspis in the 
Vaginatum limestone of Sweden. 


Lower Mradte Obtusi 
Expansus | «« . , ,,,and Upper Gigas 
Ran d. 
z 1CEPS | c« 4 an cauda : 
limestone] ,. Raniceps’’| ,. limestone 
limestone | ,. limestone 
limestone 
Megistaspis lawrowi (F. SCHMIDT) ? % = - is we 3 
| Megistaspis heros (DALMAN) = x = LES ae 
Megistaspis heroica n. sp. — x = ze 
Megistaspis acuticauda (ANGELIN) x — — = = 
| Megistaspis spinulata n. sp- x aoe pas — = 
| Megistaspis convexa n. sp. = x — au 8s 
Megistaspis curvispina n. sp. — x = = = 
| Megistaspis bombifrons n. sp. — — x —_ Lbs 
Megistaspis obtusicauda (BOHLIN) -: — = x = 


Megistaspis gigas (ANGELIN) — — — a= 
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Megistaspis heroica n.sp. has been found all through the “‘Raniceps” limestone, 
especially abundantly in the lower division at Halludden, Oland. M. lawrowi 
(F. ScumrpT) is at present known only from the lower division of the “Rani- 
ceps” limestone where evidently also M.*convexa n.sp. belongs (M. lawrowi 
possibly occurs also in the Expansus limestone). 


Subgenus uncertain 


Megistaspis lawrowi (F. SCHMIDT, 1906). 
Pl. III, figs. 2-4; Text-figs. 10 and 11. 


1898 Megalaspis lawrowi n.sp. — F. SCHMIDT, p. 41 (nomen nudum). 

1906 Megalaspis lawrowi n.sp. — F. ScuMIpT, p. 61 f.; Text-fig. 33; Pl. VI, Fig. 7. 
? 1951 Megalaspis cf. heros DALMAN — JAANUSSON & MuTVEI, faunal list, p. 633. 

LecrotyPpE.—Cranidium. F. Scumipt, 1906, Text-fig. 33. 

Locus T'picus.—Byl8¢ina, Ingermanland (Leningrad district). 

STRATUM TyPicuM.—B,;y (LAMANSKY). 

Dracnosis.—Cranidium short and broad; glabella strongly convex both 
transversely and longitudinally, length less than twice the width, sides parallel; 
segmentation indistinct; preglabellar field about half as long as the glabella, 
slightly convex transversally, slightly concave longitudinally, ending in front 
in an acute angle. Eyes small; exsagittal diameter of palpebral lobe about half 
the distance from eye to posterior border. Pygidium broad and short with 
short terminal spine; doublure of uniform width; ribs few, rather prominent. 

MarerIAL.—11 cranidia from Oland and the Siljan area, one of those from 
Oland almost complete. To the species are referred, with some hesitation, 3 
almost complete and 2 fragmentary pygidia. 

DESCRIPTION.—Length of cranidium about equal to its posterior width; length 
of glabella about 1.7 times its width. Glabella strongly convex transversely and 
longitudinally. The segmentation can be seen only in strongly oblique light. 
Glabellar tubercle small. As a whole the arrangement of the faint relief is that 
typical of Megistaspis.'There is evidently no periglabellar ridge. Preglabellar field 
narrow (its width about 1.5 times that of the glabella), short (median length only 
4 of length of the glabella), in some specimens divided by a fine ridge extending 
forwards from the frontal lobe; other specimens have a faint furrow instead 
of a ridge and some specimens have a wide, shallow depression halfway between 
the glabella and the anterior end of the preglabellar field. A shallow triangular 
depression on either side behind the doublure furrow. As a whole the pregla- 
bellar field is saddle-shaped, though the concavity (in exsagittal direction) may 
be obsolete in large individuals. Opposite the middle part of the glabella the 
cheeks rise steeply towards the eyes so that the palpebral lobes reach the level 
of the back of the glabella. The palpebral lobes are small, their upper surface 
almost flush with the slope of the cheek medially to them. The posterior wing 
of the free cheek is comparatively short (tr.) and attached with a broad base, in 
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Text-fig. 10. Megistaspis lawrowi (F. ScumipT). Out- 
line of cranidium. Upon the glabella to the left traces 
of segmentation, to the right orientation of the fine 
striation of the test. Lower ‘“‘Raniceps’” limestone. 


Text-fig. 11. ? Megistaspis law- 
rowt (F. SCHMIDT). Pygidium. 
Rather strongly asymmetrical. 
Rachis and furrows partly re- 
constructed. ? “Raniceps’’ lime- 
stone. Tjusby, Giardslésa (the 
locality is subject to some doubt). 
% nat. size. U.M. No. Ol. 491. 


old individuals about twice as broad (sag.) as the exsagittal diameter of the 
palpebral lobe. Posterior border furrows shallow; behind them a faint blunt 
ridge delimits a narrow articulating rim. 

The dorsal surface of the test (preserved as impression on the mould) shows 
a striation of fine ridges arranged approximately as in the diagram Text-fig. 10. 
Actually it is more like a network, since the ridges anastomose frequently, and 
branch round small pits. In the posterior half there even seems to be two in- 
tersecting systems of ridges. 

The pygidium resembles that of M. acuticauda, but is comparatively broader, 
length less than ? of the width. Rachial rings about 16, ribs 12 (or less?), rather 
prominent, indistinctly divided. Doublure of uniform width in its whole exten- 
sion. 

MeasurEMENTS.—Length of glabella 16 mm-—43 mm.—Length of pygidium 
51 mm-87 mm, width of pygidium 87 mm—120 mm. 

Remarks.—M. lawrowi was first mentioned by F. Scumiptr in 1898. No 
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figure was given and no other description than a mention of a similarity to 
M. grandis (pygidium, referred to the species by mistake [F. ScHMIDT, 1906}) 
and M. heros (glabella), but nothing that can give an idea of the appearance 
of the specimens. It is true that ScHMIDT mentions as a synonym Megalaspis 
sp. Lawrow, 1858, but there is no doubt that the name is intended to desig- 
nate his own material. The name was evidently not valid before 1906, when 
F. Scumipt figured two cranidia (Text-fig. 33 and Pl. VI, fig. 7). 

The Swedish material agrees perfectly with Scumipt’s figures, and there is no 
doubt as to its reference to M. lawrowi. The glabella in ScumiptT’s Fig. 33 is 
somewhat narrower behind the eyes; such specimens occur also among the 
Swedish material though in the young specimen figured in the present paper 
the sides of the glabella are apparently strictly parallel. No alae are seen in the 
specimens figured by ScHMIpT, and they are missing in practically all his figures. 
As their presence is an almost constant feature in Megistaspis, their absence 
in ScHMIDT’s figures must be due to the retouching of the photographs. (In the 
Swedish material of Megistaspis the alae are entirely missing only in one speci- 
men of M. cf. gibba but is present in another cranidium of the same species). 

Three of the pygidia referred to M. lawrowi were found at the localities, 
where cranidia were collected, one at Halludden (Oland) and two at Vikarbyn 
(Dalarna), where the same beds have yielded a fragment of a cranidium which 
undoubtedly belongs to the species. Their shape is such as one would expect in 
a species with a short and probably broad cephalon. They are distinct from 
other pygidia from the same localities, and there is just as good a reason for 
associating them with the cranidia of M. lawrowi as there is in many other cases 
for associating cranidium and pygidium with each other, when these were found 
separately. 

In Oland M. lawrowi was found only in the lowermost “‘Raniceps’’ limestone, 
one specimen possibly even in beds just below that limestone (uppermost 
Expansus limestone). 

OccuRRENCE.—Siljan district. Lindgarden, Sjurberg, Vikarbyn, Silvberg 
(only a pygidium). 

Oland. Boda: Halludden, Hagudden. ? Gardslésa: Tjusby (pygidium). 

Estonia and Ingermanland: see F. ScHM1vDT, 1906. 


Megistaspis heros (DALMAN, 1828) 
Pl. IV, fig. 3; Text-figs. 12, 13, and 16A, C. 


1828 Asaphus heros n.sp. — DALMAN, Pp. 35. 

partim 1837 Asaphus heros DALM. — HIsINGER, p. 13. 

partim 1852 Megalaspis heros DALM. — ANGELIN, p. 16, Pl. XIII. 
1869 Megalaspis heros — LINNARSSON, p. 73 and 87. 
1901 Megalaspis heros DALM. — Hou, p. 49, Fig. 52. 


Lectotype.—Pygidium R.M. No. Ar. 14412 (selected here). 
Locus Typicus.—Vasterplana, Kinnekulle. 
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Text-fig. 12. Megistaspis heros (Dat- 
MAN). Reconstruction of the cephalon. 


StraTuM TypicuM.—Red? ‘‘Raniceps” limestone, see below. 

Diacnosis.—Cephalon broad, triangular, length about 3 of width, with very 
short, sharply pointed genal spines. The whole cranidium rather strongly convex. 
Glabella slightly broader behind than in front, its width about 3 of its length. 
Preglabellar field twice as broad as frontal lobe. Angle between anterior and 
posterior branches of facial suture at eye about go°. Rachis moderately convex, 
wider than inner part of pleura. Pygidium broad, triangular, with a terminal 
spine and a border which is distinct posteriorly and absent or very shallow 
anteriorly; rachis comparatively broad, flattened posteriorly; pleural ribs 12 to 
14, anterior ones prominent, broad and flattened. 

MATERIAL.—Some poorly preserved “‘complete” specimens and several more 
or less fragmentary pygidia. 

DEsCRIPTION.—Cephalon broad, triangular, length about 2 of the width; 
outline on both sides somewhat convex except most anteriorly, where it is 
concave for a short distance at the short snout. Genal spines very short and 
sharply pointed. 

Glabella convex with almost parallel sides, width about } of length. Segmen- 
tation of glabella indistinct: the elements in the anterior half can be seen in 
oblique light in spite of poor state of preservation. In the posterior half of the 
glabella the segmentation is almost effaced; in Text-fig. 12 the structures in 
this part have been exaggerated. 

Preglabellar field twice as broad as the glabella, rather strongly vaulted (‘Text- 
fig. 16C 2), ending anteriorly in a very short, pointed snout. No median ridge 
in front of glabella. Palpebral lobes not preserved, but to judge from what is 
preserved of the facial suture the eyes were small. Exsagittal section passing 
between glabella and fixed cheek strongly arched in exsagittal direction (‘Text- 
fig. 16A 2). The border furrow on the posterior wings is wide and very shallow; 
the ridge delimiting the furrow behind is faint, and the articulating rim faces 
almost directly upwards. 

In the thorax (Text-fig. 13) the rachis is in the first segment 1} times as 
wide (#r.) as the inner part of the pleura, and the width of this is } of the width 
of the lateral part; the rachial ring is flattened, especially in its middle part, and 
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Text-fig. 13. Megistaspis heros (DALMAN). Thorax. Kinnekulle. Nat. size. U.M. No. Vg. 689. 


the articulating furrow shallow. In the posterior segments the difference in the 
width of rachis and of inner pleural part is less pronounced; the relief of the 
rings becomes gradually more marked so that already from the fourth segment 
onwards the articulating furrow is deep, sharply delimiting the strongly convex 
articulating half ring posteriorly. 

On the fourth thoracic segment of R.M. No. Ar. 47123 the right panderian 
organ is exposed (P. IV, fig. 2). Its internal opening is small and circular; the 
external opening is directed backwards, and in front of it there is a tubercle with 
semicircular base. 

Length of pygidium less the spine about ? of width; outline approximately an 
equilateral triangle; sides slightly convex. Width of the doublure about uniform 
along its whole extension. Border narrow, forming a shallow concavity in the 
area of the doublure (PI. VI, fig. 1); almost obsolete anteriorly. Rachis with 
about 20 rings and with a broad ridge that continues for some distance behind 
the rachis proper (Pl. II, fig. 4; Pl. VI, fig. 1), twice as broad at the anterior 
end as in the posterior half, where the sides run approximately parallel. In 
side view the rachis is straight or somewhat elevated at both ends; in two 
specimens it is, however, slightly bent down at its anterior extremity. Specimen 
R.M. No. Ar. 47123 with twelwe ribs, the most posterior ones very weak; other 
specimens with up to 14 ribs. The anterior eight ribs are broad (sag.), proximally 
flattened or slightly convex; the distal third divided by a broad and shallow furrow 
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into two branches the anterior one of which is the strongest, the posterior one, 
from the third rib backwards, disappearing before reaching the inner border 
of the doublure. In most specimens of the pygidium examined the posterior end 
is damaged; there is, however, a broad ridge extending backwards across the 
doublure from the posterior end of the rachis, as for instance in M. acuticauda, 
and there is no doubt that the posterior extremity was sharply pointed. The 
posterior termination is only preserved in a small fragment comprising the 
posterior end of the pygidium. 

All specimens are approximately of the same size. Average length of pygidium 
12,5 cm; average width 16 cm. 

ReMARKS.— The bulk of the material comes from Kinnekulle from a sequence 
of grey limestone, the so called 'Taljsten (1.3 m), and red beds above and below 
this. The matrix of the lectotype is red. The beds are probably contemporane- 
ous with the Lower “‘Raniceps” limestone in Dalarna, where typical Megistaspis 
heros seem to occur (only the pygidium is known from there). The limestone at 
Kinnekulle is poor in fossils, apart from a layer that is crammed with Sphaero- 
nites pomum GYLLENHAAL, and well preserved specimens are rare. Much work 
remains to be done before this part of the section will be properly known, but 
quite obviously the boundary between the ‘“‘Limbata’’ limestone and the Vagina- 
tum limestone does not coincide with the boundary between Lower Red and 
Lower Grey limestone as supposed by HOLM (1901, p. 54). 

The best specimens of M. heros from Kinnekulle were found in the grey 
limestone. None of them is in a perfect condition; they are fragmentary and 
some of them have been deformed after the embedding. It is remarkable, 
however, that very fine structures of the test have been preserved on the mould 
(PI. II, fig. 4). From the red limestone only pygidia are known, and these are so 
badly corroded that the ribs are only occasionally distinguishable. Specimens 
from red and grey limestone were first thought to belong to different species. 
Those from the red limestone gave the impression of being flatter than the grey 
ones; further the doublure is on an average somewhat wider in the former than 
in the latter. The red specimens are, however, on the whole somewhat larger 
than the grey ones. As specimens were found in red limestone both below and 
above the grey one, it is safest to assume that we have to do with a single species. 

The structure of the posterior end of the rachis also varies, the rachis proper 
being strongly convex in some specimens. Such differences may be due to a 
difference in size of the specimens or to a difference in the thickness of the test. 

The oldest specimen of M. heros in the Uppsala Museum is a specimen from 
red limestone in the BROMELL collection, 17th century; it is labelled: ‘‘Conchites 
Major striatus adhaerens Lapidi Calcareo rubicundi. repertur in Lapide albi- 
cundi limsten inserviante pro sepulchrulites Lapillis. in Colle Kinnakulle in 
westrogothia ubi sub Lapidis speciem Cartkaka dictum situm habet. D. Hesse- 
lius” (Text-fig. 14). “Limsten” is an old Swedish word for limestone. The 
limestone used for tomb stones forms part of the Taljsten and is called “‘likhall’’; 
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Text-fig.14. Label of a spe- 
cimen of Megistaspis heros 
DaLMaN (p. 173). Late 17th 
century. 


above this and intercalated with it are beds called ‘‘kart’’, those above forming 
the “Ovre Rédsten” (Upper Red limestone). The term ‘“‘kaka’’ (‘“‘cake’’) is 
used to designate a bed of limestone (see LINDSTROM, 1887, p. 39). 

OccuRRENCE (only localities from which specimens have been available to the 
author).—Siljan district. Utby Lindgarden. Vdstergétland. Kinnekulle, Ranten. 
Narke. “Hallebraten’’. 


Megistaspis herotca n.sp. 
Pl. VII; Text-figs. 15, and 16B, D, E. 


1898 Megalaspis heros DALM. — F. ScHMIDT, p. 44, Figs. 15, 16. 

1906 Megalaspis heros DALM. — F. SCHMIDT, pp. 51-54; Text-fig. 29, Pl. VII, figs. 4-7. 
1949 Megalaspis heros (DALM.) — BOHLIN; faunal lists pp. 539, 547, 555, 556, 566. 
1951 Megalaspis cf. heros ANG. — JAANUSSON & MutTveI; faunal list p. 632 (non p. 633). 
1955 Megalaspis heros — BOHLIN, pp. 129, 137. 


Ho.otype.—Almost complete specimen. F. SCHMIDT, 1906, Pl. VII, figs. 4, 4a. 

Locus Typicus.—Pulkovka, Ingermanland. 

STRATUM ‘T'yPicuM.—B,b. 

DerIvaTIo NoMINIs.—The specific name is the adjective corresponding to 
heros and was chosen to emphasize that the species belongs to the Heros group of 
Megistaspis. 

D1aGnosis.—Cephalon somewhat broader than long, triangular with strongly 
convex sides; genal spines short, flattened, curved inwards; distinct border 
postero-laterally. Glabella convex, its length about 14 its anterior width; sides 
almost parallel; segmentation distinct. Preglabellar field in adult specimens 24 
to 3 times as wide as frontal lobe, divided by a distinct median ridge extending 
forwards from glabella. Angle between branches of facial suture at the eye ca. 
70°. Posterior border furrows broad and very shallow, indistinctly delimited an- 
teriorly. Eyes small. Pygidium broad, triangular, with broad border and pointed 
termination; rachis very narrow posteriorly, strongly convex, in cross-section 
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Text-fig. 15. Megistaspis heroica n.sp. 
Reconstruction of cephalon. 


evenly rounded; pleural ribs 12 to 14, the anterior ones strong, and usually 
flattened. Panderian organs (at least on free cheek) very small, slit-like. 

MatERIAL FROM OLAND.—About 20 more or less fragmentary cranidia, 4 
fragments of the free cheek, and more than 30 complete or fragmentary pygidia. 

DESCRIPTION OF MATERIAL FROM OLAND.—Cephalon broad, length less than 
#, of width, triangular with convex sides; broad border postero-laterally; 
comparatively short and strongly flattened genal spines; tips of spines curved 
inwards. Glabella moderately convex (Fig. 16D), elongate, about 14 as long as 
wide; sides almost parallel (slightly broader behind than in front); segmentation 
better developed than in other species from the “‘Raniceps” limestone. Glabellar 
tubercle prominent. The features of the glabella vary considerably, especially 
the part between the frontal lobe and L3. In some specimens L3 and L2 
together are almost as large as the lateral portions of the frontal lobe, and S2 
deep (Pl. VII, fig. 6; cf. F. Scumipr, 1906, Pl. VII, figs. 4-6). In other specimens 
L3 and L2 are much less prominent than the frontal lobe, in one specimen 
(Pl. VII, fig. 5) very weak, so that the whole glabella appears to be only half as 
wide at the mid-length as at the ends. 

The preglabellar field widens rapidly from the eyes forwards, and narrows 
rapidly anteriorly, evidently to form a somewhat elongated point, but only the 
basal part of this is preserved in the material treated. It was, however, probably 
short (Text-fig. 15). From the frontal lobe a ridge extends forwards. At the 
proximal end this ridge is broad and bordered by a pair of depressions occupying 
the corner between the ridge and the frontal lobe. The ridge tapers rapidly 
forwards, and at last becomes so faint that it can be seen only in strongly oblique 
light. In one specimen, with a preglabellar width of 70 mm, the ridge can be 
distinctly traced to a point 40 mm in front of the glabella. The ridge is, however, 
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Text-fig. 16. Sections through the cranidium. A and C, Megistaspis heros (DaLMAN) (PI. V, 

fig. 1). A,, sagittal section. Ay, exsagittal section passing through lowest point between palpebral 

lobe and glabella. C,, transverse section through frontal lobe (dorsal furrow at the arrows); 

C,, at anterior end of glabella. B, D, and E, Megistaspis heroica n.sp. B, and B, (U.M. No. Ol. 

332) as A, and A, above. D, transverse section at palpebral lobes; two specimens. E, and EF, 
(U.M. No. Ol. 332) as C, and Cy. % nat. size. 


very variable (in one specimen it disappears 1 cm in front of the glabella), but 
always present. The frontal lobe may be encircled by a low and flat periglabellar 
ridge or by a simple preglabellar furrow, both indistinct or obsolete in the 
middle, where the base of the median ridge may be so strong that it forms a broad 
continuation of the glabella (Pl. VII, fig. 5). Where the periglabellar ridge is well 
developed, it seems to be connected with the well developed eye ridges at the pos- 
terior corner of the frontal lobe. The anterior furrow delimiting the periglabellar 
ridge evidently partly marks the posterior margin of the preglabellar portion of 
the doublure, and from it a pair of doublure furrows branch off at some distance 
in front of the eye ridges, and run laterally and slightly backwards to the facial 
suture. Between these impressions of the doublure and the eye ridges there 
are marked depressions with a more or less convex bottom bordered internally 
by the frontal lobe and externally by the facial suture. Palpebral lobes very small, 
circular; their diameter about 3, of the width of the cranidium between their 
external borders. Section passing between glabella and free cheek only in young 
specimens arched in antero-posterior direction (‘Text-fig. 16 B 2); in large speci- 
mens it is straight or even slightly concave. Posterior border furrows form a 
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broad (exsag.) concavity occupying the anterior 2 or more of the posterior wing 
of the fixed cheek behind the eye. Posteriorly this depression is bordered by a 
ridge behind which the narrow articulating rim faces upwards and backwards. 

The outer margin of the free cheek on each side forms, as far as it is preserved 
(e.g. Pl. VI, fig. 2), part of a perfect circle with a diameter about twice the 
width of the head. What the outline is like in its most anterior part is unknown, 
but undoubtedly the head ended in an acute angle or, possibly, a short snout 
(cf. description of cranidium). The body of the free cheek forms a broad tri- 
angular area, its sides forming an angle of about 70° at the eye. The anterior 
branch is narrow, in its foremost half with almost parallel sides (not completely 
preserved in any of the specimens). The border is broad, but merges medially 
without distinct limit into the inner, elevated parts of the cheek and anteriorly 
into the wide preglabellar field. The genal spines are inserted with broad, 
strongly flattened base and taper rapidly to thin points. The internal margin of 
the doublure is marked on the dorsal surface by a distinct furrow running about 
halfway between the eye and the external margin, in its posterior part parallel 
to the latter. The eye is preserved in two specimens, in two other ones the outline 
of its base. It is small (cf. above) with vertical sides (in one specimen bulging 
outwards anteriorly). The openings of the panderian organs below the external 
ends of the posterior marginal furrows are small and elongate without a distinct 
tubercle (Pl. VII, fig. 1). 

Pygidium triangular with slightly convex sides, length about ¢ of the width 
(F. ScHm1pT, 1906, p. 53; measurements on fragmentary specimens from Oland 
suggest approximately the same proportions). Border broad, extending all 
around the pygidium; broader and more distinctly delimited than on the free 
cheeks. Doublure with about uniform width in its whole extension; about 
twice as broad as the border, in small specimens carrying the distal ends of 
the ribs which fade out when reaching the border. Rachis with about 20 rings, 
narrow, at its anterior end twice as broad as in the posterior half, tapering 
backwards to about the gth ring, from there approximately parallel-sided; 
posterior part strongly convex, almost semicircular in cross section. As a whole 
the rachis is raised at both ends and depressed in its middle part, further it is 
somewhat lowered between the pleurae, in some specimens so much so that 
a straight edge laid across the middle part does not touch the rachis. 13 to 15 ribs 
can be easily counted: in a small specimen there are as many as 18 ribs, 13 
distinct ones and behind these traces of 5. The ribs are strongly convex; in very 
large specimens they are rounded, but in most specimens flattened or even 
divided by a shallow furrow that may become wider and deeper at the distal 
ends, so that the ribs are there double, the anterior and posterior portions being 
about equal. Behind the rachis a blunt ridge traverses the border, and ends 
in a short spine at the posterior end of the pygidium. 

MrasureMENTS.—Length of glabella 6.5 mm (No. Ol. 365)-45 mm (No. 
Ol. 359). Width of frontal lobe 4.5 mm (No. Ol. 372)-18 mm (No. OL. 332). 
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Width of preglabellar field 10.5 mm (No. Ol. 372)-45 mm (No. Ol. 332). 
Length of pygidium 8 mm-129 mm, width 12 mm—166 mm. 

Remarks.—Megistaspis heroica n.sp. is common in Oland, at Halludden even 
commoner than any other species of the genus. It belongs to the ““Ramiceps” 
limestone and, at least as far as can be concluded from the material now available, 
there is no difference between specimens from lower levels, e.g. Halludden, and 
those from higher levels, e.g. the Upper ‘““Raniceps” limestone at Fora. The 
species has, on the other hand, not been found in beds which belong with cer- 
tainty to the Gigas limestone. A find mentioned by the author from Vedby, 
Hégsrum (BOHLIN, 1955, p. 129), may come from the Upper “Raniceps” 
limestone as Pseudoasaphus perstriatus—which was thought to be confined to 
the Gigas limestone— possibly occurs also below this limestone. 

It is beyond doubt that M. heroica is distinct from M. heros. F. SCHMIDT 
was not quite satisfied with his identification of the East Baltic material with 
material from Sweden, and noted the difference in the segmentation of the 
glabella (1906, p. 52). To this can be added that the cephalon of M. heros is 
broader than that of M. heroica, the cranidium as a whole more convex, the 
preglabellar field comparatively narrower, and the border of the pygidium less 
developed. The difference in the development of the ribs noted by SCHMIDT 
is, on the other hand, less evident, though ScHMIDT is probably right in assum- 
ing that Swedish specimens in which the ribs are “kaum angedeutet”’ do not 
belong to what he means is M. heros (l.c. p. 54). 

The material from Oland was not known, when Scumipt wrote his monograph. 
It comes very close to M. heros sensu F. SCHMIDT. Small specimens differ from 
those figured by F. Scumipt (PI. VII, figs. 4 and 7) in having a much broader 
border; the very large specimen in ScHMIpT’s Text-fig. 29 agrees, however, 
in this respect with large specimens from Oland. The segmentation of the gla- 
bella is exactly the same in specimens from both regions; no alae are seen in 
ScHMIpT’s Pl. VII, fig. 5, but distinctly in fig. 4. The preglabellar field is 
flat also in the East Baltic cranidia, and there is a triangular field between the 
frontal lobe and the facial suture of exactly the same appearance as in the 
cranidia from Oland. The similarity is in fact so great that possible small dif- 
ferences can at most suffice to distinguish races of the species. 

At a preliminary revision of some Norwegian material a well preserved 
cranidium was discovered which is so similar to M. heroica n.sp. that it must 
be referred to this species (BOHLIN, 1955, p. 137: ““M. heros’). The specimen 
is of interest as it shows a similar fine striation on the glabella as in M. lawrowi 
and a continuation of this striation onto the preglabellar field as a fan of small 
elongate tubercles radiating from the eye ridge and the furrow in front of the 
glabella towards the margins of the preglabellar field (Pl. VII, fig. 8). Traces 
of such structures are seen in two small specimens from Oland (U.M. Nos. 
Ol. 354 and Ol. 369). 

OccuRRENCE.—Siljan area. Vikarbyn(U.M. No. D.535, fragment ofa pygidium). 
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Oland. Béda: Halludden, Byxelkrok, Tokenas hamn, Haget. Hogby: Byerums 
sandvik. Persnas: Gunnarslund, Jordhamn, Sandvik. Fora: Hyjalmestad, Fora 
kanal, Uggletorp. Alboke: Stacketorp. Hégsrum: 1 km N Nyttorp, Vedby. 
Gardslésa: Sattra. Glomminge: Ryd, Ovetorp. Torslunda: Lenstad. Gardby: 
Torp. 

Estonia and Ingermanland: see F. ScHMIDT, 1906. 

Norway. Hadeland: Gran, the road N of Grinaker. 


Subgenus Megistaspis (Megistaspidella) JAANUSSON, 1956 


Megalaspis rudis ANGELIN, 1854, nomen dubium. 
1854 Megalaspis rudis n. sp.—ANGELIN, Pl. XVII, fig. 5. 


The type of this species was found at Husbyfjol in Ostergétland, and is 
said to be characterized by a semielliptic abdomen, very faint rachis and no 
ribs. ANGELIN’s original material could not be traced. The name was adopted 
by F. Scumipt for material from the East Baltic area. ScHMIpT’s material and a 
large material from Oland are undoubtedly of the same type as the specimen 
figured by ANGELIN (Pl. XXVII, fig. 5), and in earlier papers by the present 
author the name has been used without reservation. The present revision has, 
however, shown that pygidia of the “‘rudis’’ type occur all through the “‘Rani- 
ceps’”’ limestone in Oland, where at least two types of cranidia occur together 
with them. The species from the “‘Raniceps’” limestone belonging to this group 
can simply not be determined with the aid of the pygidium, and Megalaspis 
rudis ANGELIN must therefore be considered a nomen dubium. An attempt to 
save the name for one of the species can lead to endless confusion. 


Megistaspis (Megistaspidella) grandis (Sars, 1835) 
Pls illfige 1: 
1835 Asaphus grandis n.sp. — SARS, p. 337, Pl. IX, fig. 6. 
1882 Megalaspis grandis SARS — BROGGER, p. 80, ? Text-fig. 4. 
1940 (Asaphus grandis= Megalaspis centaurus (DALMAN)). — STORMER, p. 134, Text- 
figs. 4, 6a, 6b. 
?1955 Megalaspis grandis Sars — BOHLIN, p. 137. 

LecrortyPE (selected here).—Fragmentary ‘“‘complete” specimen. O.M. No. 
20139. CoTypE.—Fragmentary pygidium O.M. No. 56340. 

Locus Typicus.—Akersbakken, Oslo. Norway. 

Stratum TypicumM.—3cy. Black limestone. 

Dracnosis.—Glabella convex, length about twice the width, only slightly 
broader behind than in front; segmentation distinct. Angle between anterior 
and posterior branch of facial suture at eye less than go°. No posterior border 
furrow. Rachis of thorax rather strongly convex, distinctly delimited; width 
about equal to that of inner part of pleura. Rachis of pygidium convex, narrow. 
Ribs low, double along their whole length. Posterior end broadly rounded. 
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MarTeriaL.—The type and cotype figured by Sars. 

DESCRIPTION.—To the characters given in the diagnosis may be added: All 
details in the segmentation typical of Megistaspis can be distinguished. ‘The 
glabellar furrows are fairly deep, and Lr and L2 somewhat depressed so that 
the median part of the glabella stands out as a ridge which widens in front, since 
S2 penetrates farther inwards than $3. The glabellar tubercle is small and hardly 
distinguishable with the eye, but its position can be felt with the finger. The 
distance between the tubercle and the posterior border is } of the length of the 
glabella. The anterior branches of the facial suture diverge strongly from each 
other in front of the eyes (their prolongations backwards converge approxi- 
mately towards the middle point of the posterior border). The preglabellar field 
was probably originally broader, as the specimen is somewhat compressed from 
the sides, a pressure that has evidently not influenced the glabella, but which is, 
on the other hand, probably to a great extent if not wholly responsible for the 
broad border seen in Sars’ drawing (1835, Pl. [X, fig. 6a). The posterior wings 
of the fixed cheek are flat without even an indication of a furrow. The articulat- 
ing rim is narrow (sag.), but well marked; it continues with the same develop- 
ment across the posterior part of the occipital ring. 

In the thorax the rachis is narrow, its width equal to the inner part of the 
pleura, distinctly wider in front than behind, rather strongly convex and 
sharply delimited on the sides. The rings are flattened, but well separated from 
the articulating half rings by broad and rather deep furrows. The preserved 
part of the thorax is evidently not deformed. 

The pygidium of the type and the cotype are so deformed by tectonic 
movements that a detailed description would be of little value. It may be 
enough to state that the rachis also in unpressed condition must have been 
narrow and elevated above the side portions, and distinctly delimited from 
these by deep dorsal furrows. 

REMARKS.—The type specimen of M. grandis comes from black limestone, 
and has been subject to some deformation by tectonic movements. Allowance 
was made for this in the description above, and it seems possible at last to 
throw some light on the confusion which the insufficient knowledge of M. 
grandis has caused. ‘The name appears in synonym lists, but has evidently never 
been used as a valid name outside Norway. 

In 1955 the author had a chance to see some Norwegian material, but unfor- 
tunately not the type. The short discussion (p. 137) was only a “‘first impression” 
as only little was known about the Swedish species at that time. The conclusion 
in the Summary that J. grandis may be different from anything hitherto known 
from Sweden, can now be repeated with more confidence. It must be stressed, 
however, that the material on which this statement was based in 1955, may not 
belong to M. grandis, but this question cannot be answered until all Norwegian 
material can be revised. 

An identity of M. grandis with M. gigas is out of question, and has never been 
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presumed. F. ScHmipT’s synonym list (1906, pp. 55 f.) comprises, however, 
M. longicauda (v. LEUCHTENBERG) which may be identical with M. gigas. There 
are, in fact, cranidia of M. gigas from Oland which have a long glabella similar to 
that of M. grandis, but which differ in other important respects as, for instance, 
in having marked posterior border furrows. Attention must further be paid to 
the characteristic pygidium in M. gigas. 

Megistaspis obtusicauda is still the species that seems to resemble M. grandis 
most closely. The cranidium is not sufficiently known to allow of a comparison. 
A specimen from 'Tokenas hamn which probably belongs to M. obtusicauda has 
a shorter, less convex glabella, and well developed posterior border furrows. 
The distinctly delimited convex rachis in the pygidium of M. grandis is, how- 
ever, quite different from the very flat rachis in M. obtusicauda. It is true that 
the type of MW. grandis is deformed, but the deformation cannot have produced 
deep straight furrows with rounded bottom which separate the rachis on either 
side from the pleurae. The two species cannot be identical. 

Megistaspis bombifrons has a broad flattened glabella tapering forwards and 
a pygidium with the same type of rachis as in M. obtusicauda. M. curvispina also 
has a flattened glabella, and deep posterior marginal furrow. The pygidium has 
a convex rachis, but the whole pygidium is triangular. M. convexa has a short 
glabella, deep posterior marginal furrows and a pygidium that cannot with 
certainty be distinguished from that of M. bombifrons. 

In less well known forms from Oland and Ostergétland we meet everywhere 
with very flat glabellae and pygidia of the bombifrons type. Pygidia with a well 
defined rachis are, however, found in the Siljan area and at Kinnekulle. 

The study of the large material from Oland has shown that the genus Megistas- 
pis is rich in species, and thus it is in no way surprising to find that M. grandis, 
which evidently lived on mud bottoms (preserved in black calcilutite), differs 
from species living in quite different surroundings. 

OccuRRENCE.—Known with certainty only from the type locality. 


Megistaspis (Megistaspidella) acuticauda (ANGELIN, 1854). 
Pl. VIII; Text-figs. 17-20. 


1854 Megalaspis acuticauda n.sp. — ANGELIN, p. 50; PI. 27, fig. 4. 
?1882 Megalaspis acuticauda ANG. — BrOccGER, p. 82 ff.; Fig. 5; Pl. II, fig. 1; Pl. VI, 
figs. Let a 
1949 Megalaspis acuticauda ANG. — BOHLIN, pp. 543, 545, 549, 567. 
1955 Megalaspis acuticauda ANG. — BOBLIN, p. 116. 
non 1906 Megalaspis acuticauda ANGEL. — F. SCHMIDT, p. 42; Pl. V, figs. 1-8; Pl. VI, 
figs. 1-6 (= Megistaspis spinulata n. sp.). 


Lectotype.—Pygidium R.M. No. Ar. 21763 (Pl. VIII, fig. 6). 

Locus typicus.—Oland. Exact locality unknown. 

STRATUM TYPICUM.—Unknown for the type specimen. The known specimens 
have been found exclusively in the Expansus limestone. 
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Text-fig. 17. Megistaspis (Megistaspidella) 
acuticauda (ANGELIN). Reconstruction of 
cephalon. 
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DiaGnosis.—Cephalon broad; the outline, except snout and genal spines, 
almost an equilateral triangle, constricted at the base of the long snout which 
is strongly bent upwards; genal spines long and thick. Glabella very flat, indis- 
tinctly delimited, slightly narrower in front than behind; its length is about 
1} its posterior width; segmentation faint. There is a slight depression in front 
of the glabella. Width of preglabellar field twice the width of the frontal lobe. 
Angle between the branches of the facial suture at the eye less than go°. No 
posterior marginal furrows. 

Pygidium triangular, ending posteriorly in a short spine, without border or 
with a slight concavity around its posterior half. Doublure widening somewhat 
backwards. Rachis low but distinctly defined. Ribs faint. 

MarTErRIAL.—Several fragmentary cranidia, two incomplete free cheeks, and 
several pygidia. 

DESCRIPTION.—Cephalon triangular with long snout and long genal spines. 
Distance between tips of genal spines evidently somewhat shorter than the 
total length of the head. Outline strongly concave at the base of the snout, 
convex at the base of the genal spines. 

Glabella broad and flattened, very indistinctly delimited, slightly wider at 
its posterior end than in front; length about 14 times the posterior width. Seg- 
mentation faintly marked: area between frontal lobe and Li depressed, struc- 
tures of both sides in this region separated by a narrow median ridge. 
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Text-fig. 18. Megistaspis (Megistaspidella) <t 


acuticauda (ANGELIN). U.M. No. Ol. 424. 
A, profile of cranidium. B, transverse sec- 
tion at palpebral lobes. } nat. size. 
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The preglabellar field widens rapidly in front of the eyes with the greatest 
width at the anterior end of the glabella; then it narrows as quickly towards 
the base of the snout, the sides of which run practically parallel as far as they 
are preserved. The snout is broken off, probably at about half of its length, 
strongly bent upwards (Text-fig. 18). In front of the glabella there is a shallow 
longitudinal depression extending forwards to the base of the snout. In its 
posterior half this depression is divided by a hardly discernible ridge extending 
forwards from the frontal lobe. Periglabellar ridge distinct in some internal 
moulds. Eye ridges low but distinct, continuous with the anterior end of the 
elevated rim of the palpebral lobes (PI. VIII, fig. 1). On either side of the frontal 
lobe there is a triangular area which is slightly depressed between this lobe and 
the eye ridge, the doublure furrow, and a swelling of the margin of the crani- 
dium in front of the eyes; on the whole, however, the preglabellar field slopes 
evenly down to the facial suture in the part between the eye and the base of 
the snout. There are thus no marked depressions opposite the anterior end of 
the glabella as in M. bombifrons n.sp. Palpebral lobes circular with a deep 
depression in their centre (distinct on the mould). No posterior border furrows. 
A faint ridge, parallel to the posterior margin marks the anterior boundary of the 
articulating rim. 

The anterior process of the free cheek is narrow with subparallel margins 
from a point somewhat in front of the greatest width of the preglabellar field 
to the base of the snout, where the process curves rather abruptly forwards 
(Pl. VII, fig. 3). The specimen is broken off a little in front of the bend. The 
body is large in relation to the very slender anterior part; its greatest width is 
about 2 of the width of the cranidium at the palpebral lobes; it is somewhat 
concave along the outer margin forming a very indistinct border. At the eye 
the anterior and posterior branches of the facial suture meet at an angle of 
less than go°. What remains of the fragmentary genal spines suggests that their 
cross-section was lenticular at their base and rounded triangular in more distal 
parts; they were fairly long and probably bent inwards. A comparison with 
a specimen of M. bombifrons suggests that about half of their length is missing. 
Panderian organ small and elongate; the tubercle prominent, situated so that 
the opening turns backwards and outwards. 

Pygidium triangular with somewhat convex sides meeting behind in a short 
spine; width greater than length (in the type specimen ca. 97 mm and 85 mm, 
respectively). Small specimens with border all round the pygidium, in large 
specimens the border obsolete or confined to a narrow concavity around the 
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Text-fig. 19. Megistaspis (Megi- 
staspidella) acuticauda (ANGE- 
LIN). Outlines of pygidia. 1, 
U.M. No. Ol. 509; 2, R.M. No. 
Ar. 21763 (Lectotype; recon- 
structed). Approximately 2 nat. 
size. 


posterior half of the pygidium. Rachis with about 20 rings, narrow, width at 
its anterior end almost twice that of its posterior end. Dorsal furrows deep, 
slightly curved inwards; rachis somewhat lowered between the pygidial pleurae, 
but its highest part always visible in strictly lateral view. Sagittal profile of 
rachis in the lectotype and some other specimens straight, in others slightly 
concave or slightly bent downwards in front. Posterior end of rachis protruding, 
continuing in posterior direction into a marked elevation that extends into 
the terminal spine. Ribs 11 to 14 (12 in the type specimen), very low, double; 
the anterior ridge of each rib more prominent than the posterior, the only one 
visible upon the external surface of the test, and the only one which reaches the 
inner border of the doublure upon the internal moulds. The posterior ridges 
dissolve into a net work at their distal ends. Furrows between the ribs very 
shallow, the two or three anterior ones, however, deeper than those further 
back. 

MEasUREMENTS.—Length of glabella 27 mm-39 mm.—Length of pygidium 
26.5 mm—93 mm, width 33.5 mm—102 mm. 

REMARKS.—Megistaspis acuticauda was first described from Oland (ANGELIN 
1854; second edition 1878, p. 50; Pl. XX VII, fig. 4). The specimen from which 
ANGELIN’s drawing was made is preserved, and it is evident that this pygidium 
is much broader than in ANGELIN’s reconstruction. 

The shape of the whole pygidium and of the rachis, the development of the 
ribs, etc. are so characteristic that there has been no difficulty in recognizing 
the species among the material collected by the author. The material of the 
species from Oland exhibits a rather high variability. There are flattened pygidia 
like the lectotype; there are strongly vaulted ones (Text-fig. 20). Fortunately 
the collections from the richest localities (in the parish of Rapplinge) comprise 
pygidia which closely agree with the lectotype. The description above deals 
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‘Text-fig. 20 Megistaspis (Megista- 
spidella) acuticauda (ANGELIN). Sec- ie fae 
tions of pygidia. — A, transverse / 2 3 

sections. 1 and 2, between postero- 

lateral corners of facets. 3, between 

external ends of 6th ribs. — B, 

sagittal section of same pygidium 

as “1” above. All 3 nat. size. Korn- 

ea (Albéke). 1, U.M. No. O1 8&8 

425; 2 and 3, U.M. No. Ol. 426. 


almost exclusively with this material. No small specimens were found at the 
Rapplinge localities; those mentioned are from localities in the parishes of 
Koping and Hogsrum. 

A form from the Expansus limestone of Dalarna seems to differ fon M. 
acuticauda from Oland in certain respects. As the material fram the two pro- 
vinces is not equivalent, that from Dalarna coming chiefly from small indivi- 
duals, that from Oland from comparatively large ones, it was thought best to 
postpone the description of the form from Dalarna until more material is 
available. 

BROGGER has described M. acuticauda from Norway, and distinguishes two 
varieties. In one of these the length of the pygidium surpasses the width, in 
the other the width is greater than the length, as is the case in all specimens 
from Oland. The Norwegian specimens are undoubtedly much more like those 
from Oland than those from Ingermanland and Estonia (see below). The border 
of the pygidium is, e.g., weakly developed or absent, but before sufficient 
material has been obtained from Swedish localities outside Oland the Nor- 
wegian material should be treated as M. cf. acuticauda. 

A large material was referred by F. Scumipt to M. acuticauda. He distin- 
guishes a forma typica and three varieties, obtusa, lamanskii, and triangularis. 
These all differ from the species from Oland in having a more convex and 
usually more distinctly segmented glabella, a distinct border on cephalon and 
pygidium, and prominent ribs on the pygidial pleurae. These are undoubtedly 
specific characters. ‘To them can, possibly, be added differences in the hypo- 
stoma which in SCHMIDT’s specimens (loc. cit. Pl. V, figs, 6 and 7) is shorter, 
has a distinct middle furrow and an oval anterior lobe, whereas in M. acuticauda 
the anterior lobe is pear-shaped and the middle furrow a wide and shallow 
depression. These hypostomata belong, however, to quite small specimens, and 


the hypostoma might undergo changes with the growth of the individual. 


Thus the species described by F. ScumipT must have a new name. M. centron 


(LEUCHTENBERG) is perhaps in part referable to M. acuticauda sensu F. SCHMIDT, 


but some differences pointed out by F. Scumipt (no crest between the posterior 


end of the rachis and the terminal spine of the pygidium, and an earlier appear- 
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ance in the sequence of beds) make this very uncertain. The cephalon of M. 
centron may belong to a Megistaspis, but as the material is poor, it is better to 
leave it out of the discussion at present. However, if LEUCHTENBERG’s PI. I, 
fig. 1 is correct, or at least nearly so, the very broad preglabellar field in the 
specimen and the broadly triangular cephalon with its strongly convex sides 
are quite different from M. acuticauda, sensu F. Scumipt. The cephalon of 
M. centron rather suggests M. heroica than M. acuticauda typica. The specimen 
of M. acuticauda var. lamanskii in Scumipt’s Text-fig. 27 (op. cit.) would 
probably give an equilateral triangle if properly reconstructed and the ratio: 
Width of frontal lobe/width of preglabellar field, is the same as in forma typica. 

OccurRENCE of M. acuticauda in Oland.—Persnas: Gillberga. Fora: Lund- 
torp. Albéke: Korntorp, Orméga. Koping: Pinnekulla, Klinta, Kolstad, Borg- 
holm. Rapplinge: Tryggestad, Greby. Glomminge: Osterskog. 

In this list are entered localities which yield material closely agreeing with 
the type. At other localities further collecting is desirable. 


Megistaspis (Megistaspidella) spinulata n.sp.~ 


1906 Megalaspis acuticauda ANG. var. typica — F. SCHMIDT, pp. 42-49, Text-figs. 19, 
22, 23: PIL V, figs. 1-4. 

Ho.Lotype.—Carapace figured by F. ScHmipT (1906) as PI. V, fig. 1. 

Locus 'Typicus.—Obuhovo on the Volhov, Ingermanland. 

STRATUM ‘TyPICUM.—B,,, « (Expansus beds). 

Diacnosis.—A species resembling M. acuticauda in many respects, but 
glabella more convex and more distinctly segmented. Cephalon and pygidium 
with a distinct border. Strong ribs on the pygidium. 


Megistaspis (Megistaspidella) convexa n.sp. 
Pl. [X; Text-figs. 21 and 22. 
1884 Megalaspis grandis Sars var. lata n. var. — 'TORNQUIST, p. 77. 
1884 Megalaspis grandis Sars var. rudis ANGELIN — TORNQUIST, p. 78 (partim). 
1951 Megalaspis rudis ANG.—JAANUSSON & MuTVYEI, faunal list p. 633 (not M. aff. rudis, 
p. 632). 

Hootype.—Cranidium, R.M. No. Ar. 9324. 

Locus ‘T'ypicus.—Skattungbyn, Siljan district. 

STRATUM 'TypicuM.—Lower “‘Raniceps’’ limestone. 

DerivaTio NoMINis.—The name alludes to the even vaulting of the pregla- 
bellar field immediately in front of the glabella. 

Driacnosis.—Medium-sized. Cephalon triangular, distinctly constricted at 
the base of the snout. Genal spines long, slender, almost straight. Snout and 
genal spines bending strongly upwards. Glabella flattened, length 14 of the 
posterior width, segmentation only partly distinguishable. Preglabellar field 
in front of glabella evenly (though not strongly) vaulted; often with shallow 
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Text-fig. 21. Megistaspis (Megistaspidella) convexa n.sp. Reconstruction of cephalon. 


median depression; greatest width somewhat more than twice the width of 
frontal lobe. Angle between anterior and posterior branches of suture at the 
eye about go’. Posterior border furrow narrow, well defined. Pygidium flattened, 
semi-elliptical; rachis poorly delimited in its middle part; rings and ribs faint. 
MATERIAL FROM THE SILJAN DISTRICT.—About 20 fragmentary cranidia, 5 
fragments of the free cheek, and about 25 more or less fragmentary pygidia. 
DESCRIPTION.—Cephalon triangular, rather abruptly constricted to a narrow 
snout; width between the bases of genal spines greater than median length 
except snout (cf. Fig.2). Outline behind snout somewhat convex, continuing, 
with only very slight constriction at the base of the genal spines, in the external 
sides of these. Snout and genal spines with a strong upward curvature. 
Glabella strongly flattened, in some specimens so low that it can be clearly 
distinguished only in oblique light; length less than 14 of posterior width. 
Segmentation indistinct, especially in posterior half (behind S2). In the type 
specimen the Ms2 are more prominent than other details. In some specimens a 
median ridge extends from the very weak glabellar tubercle to the beginning of 
the frontal lobe. Alae small and diffuse. 
Preglabellar field broad, rapidly narrowing to a fairly distinct constriction at 
the base of the narrow snout; evenly convex along a transverse line touching 
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. Text-fig. 22. Aand B, Megistaspis (Megi- 
staspidella) convexa n. sp. A, Sagittal 
section of cranidium. B, transverse sec- 

= tion at anterior end of glabella. Nat. 
size. Utbyn, Lindgarden, Siljan area. 


fhe realy Fo U.M. No. D. 517. C, ? M. convexa 
8 n.sp.; transverse section at anterior 
end of glabella. Nat. size. Halludden 

ime a c (Béda). U.M. No. Ol. 521. 


the anterior border of the glabella (Text-fig. 22 C). In most specimens a shallow 
and narrow median depression separates a pair of low diffuse swellings in the 
posterior part of the field (cf. MM. curvispina). ‘There may also be a fine median 
ridge running forwards for some distance from the frontal lobe. A very low 
periglabellar ridge is distinguishable in some specimens. Palpebral lobes 
medium-sized, their diameter (sag.) about half of the distance from their pos- 
terior side to the posterior margin of the cranidium. Posterior wing of free 
cheek short (¢r.), triangular, with comparatively broad (sag.) base. Posterior 
border furrow narrow, distinctly delimited also in front. 

The free cheek is slender; its greatest width at right angles to the outer 
margin is less than half the width of the cranidium between the eyes. In side 
view the lateral margin is perfectly straight in its middle part, but bent rather 
abruptly upwards at the genal spines and the snout (PI. IX, fig. 3). The anterior 
and posterior branches of the facial suture meet at the eye at approximately 
right angles. From the eye the anterior branch runs forwards for a short distance 
before turning strongly outwards. The body of the free cheek has a distinct 
border; its concave internal part is separated from the fine marginal ridge by a 
narrow zone sloping steeply outwards. Such a development of the border has 
not been observed in other species. ‘The genal spine is slender, and was evi- 
dently drawn out into a very long fine point. In the specimen, PI. IX, figs.2 and 
3, at least 1 cm is probably missing (cf. Pl. XII, fig. 4). 

None of the fragmentary free cheeks available fits well with the cranidia. The 
margin at the facial suture turns strongly outwards in front of the eye, then 
rather abruptly forwards and inwards; the preglabellar field in the cranidia to 
which the cheeks belonged must therefore have had its greatest width far back 
at a fairly well marked angle (Text-fig. 21): Fig. 21 A is drawn from a single 
specimen lacking the portion of the anterior process between the arrows in the 
drawing and most of the genal spine (cf. Fig. 21 B). The cheek belonged to a 
comparatively small individual, and there is at least one small cranidium that 
has a sharper angle posteriorly on the preglabellar margin than the holotype, 
though the part of the margin further forwards is too convex for the free 
cheek. This has, however, been used, with corrections, for the reconstruction 
of the cephalon. 

The material of pygidia varies in many respects, and may belong to more 
than one species. For the following description three specimens, one of them 
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) 


TRILOBITES OF THE GENUS MEGISTASPIS 189 


from the type locality, have been used; these agree well with each other, and 
except for probably unessential differences from other specimens, they are 
representative of the most common type, and most likely they are those which 
should be associated with the cranidia described above. These pygidia are 
roundedly triangular, width anteriorly greater than the length, and the border 
is developed only for a short distance at the posterior end. Width of doublure in 
front about 3 of that behind. The posterior half of the rachis is in profile con- 
cave, a character that is evidently due to an under-development of the whole 
posterior half of the pygidium. The anterior end of the rachis is pressed down 
between the side lobes, and thus the anterior broader part of these lobes 
gives the impression of being in some way inflated. In M. bombifrons the profile 
of the rachis is slightly bent downwards anteriorly, otherwise it is straight; only 
in some of the quite small specimens a development as in M. convewa is found. 
The resemblance with M. bombifrons is, however, striking, and in BOHLIN, 1955, 
pygidia of both species were used for Text-fig. 7C (“M. rudis’’). 

MEASUREMENTS.—Length of glabella 25 mm—46 mm.—Length of pygidium 
59 mm—9g3 mm. 

ReMaRKS.—A material of Megistaspis from the Siljan district was described 
in 1884 by T6RNQuIsT. His specimens are kept in Lund, and have kindly been 
put at the author’s disposal by Dr. J. E. Hepe. TOrNQuIsT considers what is 
here described as M. convexa as varieties of M. grandis. He calls one of these 
M. grandis var. lata, a name that was discussed by JAANUSSON in 1956 (p. 72), 
and declared a nomen nudum. The name M. grandis var. rudis is a nomen 
dubium (see above). TO6RNQUIST is evidently right, however, in assuming that 
there might be more than one species (rather than variety) in his material from 
the grey ‘“‘Raniceps’’-beds in Dalarna. ‘There are a few small cranidia that differ 
from the larger ones in the development of the preglabellar field, though they 
are not well enough preserved to form a reliable basis for description. ‘There 
are also some pygidia which differ too much from the more common type to be 
considered as mere aberrant specimens of a single species. Some of the pygidia 
found in Dalarna have tentatively been referred to M. lawrowi (p. 168). 

OccurRENCE.—Dalarna (Siljan district): Leskusangen, Skattungbyn; Furudal; 
Gullerasen; Osmundberg; Silverberg (=Silfberg); Lindgarden, Utbyn; Sjur- 
berg; Nittsjo; Vikarbyn. \ 

M. convexa is possibly present also in the material from Vastergotland, Oster- 
gotland, and Oland. 


Megistaspis (Megistaspidella) curvispina 0.sp. 
Pl. II, fig. 3; Text-figs. 23 and 24. 


1949 Megalaspis sp. — Bou in, Pl. I, fig. 3. 
1955 Megalaspis sp. — Bouin, Text-fig. 7D. 


Hototrypr.—Cranidium U.M. No. Ol. 481. 


1go BIRGER BOHLIN 


Text-fig. 23.  Megistaspis 
(Megistaspidella) curvispina 
n.sp. A, ‘free cheek. Same 
as Pl X, fig 1g eB iires 
construction of cephalon. 


Locus ‘Typicus.—Torslunda, drainage ditch from Lenstad Mosse, S of the 
railway, about 500 m W of the railway stop at Lenstad. 

StTratuM ‘TypicumM.—Red Lower “‘Raniceps’”’ limestone. 

Diacnosis.—Large species. Cephalon broad, triangular, slowly tapering to a 
long snout. Genal spines short, strongly curved inwards. Glabella 1} times 
as long as wide, moderately convex, somewhat saddle-shaped between the eyes. 
Elongate depression in front of the glabella. Preglabellar field twice as wide as 
glabella. Angle between branches of facial suture less than go”. Pygidium trian- 
gular with rounded posterior end. Rachis distinctly convex along its whole 
length. Ribs moderately strong, flattened or with shallow furrows. 

MarTeriaL.—About a dozen more or less fragmentary cranidia, an almost 
complete free cheek, and about a dozen more or less fragmentary pygidia. 

DescrIPTION.—Cephalon broad, triangular. Length to the constriction at 
the base of the snout about equal to width between the bases of the genal spines 
(cf. T’ext-fig. 2). Sides sinuous, concave at the base of the snout, otherwise convex 
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Text-fig. 24. Megistapis (Megista- 
spidella) curvispina n.sp. A, profile 
of cranidium. B, transverse section 
at palpebral lobes. Nat. size. U.M. f=} 


No. Ol. 481 (Holotype). a Aree gl Ts 


and passing with an even curvature into sides of genal spines which are strongly 
curved inwards (or, where the cheek is in juxtaposition, upwards and inwards). 

Glabella moderately convex; length 1} times the width. Width of frontal lobe 
equal to, or less than, width of the occipital ring, but greater than smallest 
width between eyes. Segmentation distinct in oblique light. Elements between 
frontal lobe and Li in a saddle shaped depression; Ms2 prominent, L3 and L2 
weak, L2 penetrating farther towards the middle than L3. Lx not distinguish- 
able, evidently continuous with Msr. Behind the ‘‘saddle” three about equal 
lobes are marked on the sides of an otherwise even convexity: the two branches of 
Li, and Ao. The glabellar tubercle is very small. 

The preglabellar field widens rapidly from the eye ridges, and has its greatest 
width opposite the anterior end of the glabella. Its margins then converge, and 
pass with only slight constriction into the cranidial portion of the snout. Snout 
of unknown length, but may have been as long as shown in the reconstruction 
(Text-fig. 23 B). There is a broad and rather deep elongate depression extending 
forwards from the frontal lobe for a distance of nearly the length of the glabella; 
on the sides of the depression the preglabellar field is convex with its highest 
points close to the median depression (distance from this about 4 of the distance 
from outer margins). The convexities are less prominent in the holotype, which 
is medium-sized, than in the larger specimens. In two specimens, both with the 
test, one of them the holotype, a very fine ridge extends for some distance 
(about 4 of the length of the glabella) into the posterior part of the depression. 
On the internal mould of one specimen only a small rudiment of a ridge is 
present at the anterior border of the frontal lobe. In oblique light a faint peri- 
glabellar ridge can be seen ina more or less marked depression between the frontal 
lobe and the preglabellar field. The eye ridges are low and flat. Doublure furrow 
best developed in the holotype, but all specimens have a somewhat depressed 
triangular field in front of the eye ridges. Palpebral lobes of moderate size; 
distance from posterior margin about 14 times their diameter. Posterior border 
furrow present but not deep. Articulating rim flattened, facing upwards and 
only slightly backwards, separated from the furrow by a faint ridge. 

The sides of the narrow anterior process of the free cheek run parallel at 
least to the base of the snout. The body of the cheek is rather broad, its greatest 
width at right angles to the outer margin about } of the width of the cranidium at 
the eyes. The angle between the anterior and posterior branches of the facial 
suture at the eyes less than go°. The doublure furrow faint. A border, only a 
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couple of mm broad, extends from the base of the genal spine forwards, and 
merges anteriorly into the upper surface of the anterior process. 

The thorax is represented by a fragmentary segment, probably one of the 
foremost ones (PI. X, fig. 5). The rachis is very flat, with broad (sag.) and very 
shallow articulating furrow. Width of the rachis twice that of inner pleural part. 

The pygidium (BoHLIN 1949, PI. I, fig. 3) is triangular with rounded posterior 
end, its length about equal to its width. There is no border except for a slight 
concavity behind the rachis. Doublure, measured at posterior end of the rachis 
at right angles to the margin, twice as broad as opposite the first rib. Rachis with 
about 27 rings, tapering backwards in its anterior half, in its posterior half with 
almost parallel sides; distinctly convex and delimited by marked dorsal furrows. 
The anterior part of the rachis, from the 4th or 5th ring, is somewhat bent 
downwards; in the remaining part the profile of the rachis may be slightly 
concave. The pleural lobes rise somewhat outwards from the dorsal furrows so 
that their highest point lies at a distance about half the width of the rachis from 
the dorsal furrow. There are 14 or 15 distinct ribs and behind them a small area 
in which no structures can be seen on the available material. The ribs are low 
and flat, but distinct also in specimens with the test. The rib furrows almost 
reach the dorsal furrow. 

MeEasuREMENTS.—Length of glabella 18 mm-54 mm.—Length of pygidium 
41 mm-116 mm, width 43 mm-115 mm. 

Remarks.—Until now M. curvispina has been found only in the red “‘Rani- 
ceps” limestone of Central and Southern Oland. It has not yet been possible to 
correlate the sections in these parts with those in N. Oland, but it seems as 
if the beds with M. curvispina belonged to a lower level than those that have 
yielded such a rich harvest of M. bombifrons in N. Oland. 

M. curvispina is a large species like M. bombifrons, but is easily distinguished 
from the latter by the elongate depression in front to the glabella, the smaller 
angle between the anterior and posterior branches of the facial suture, the tri- 
angular pygidium, and the well demarcated pygidial rachis. ‘The species some- 
what resembles M. acuticauda which has, however, a marked restriction at the 
base of the snout and a terminal spine on its pygidium. There is also some 
similarity with M. convexa which has, however, a pygidium closely resembling 
that of M. bombifrons. 

OccCURRENCE.—Hogsrum: W of the main road 1 km NE of Nyttorp; the 
alvar about 200 m N of the church. Torslunda: Drainage ditch about 500 m W 
of Lenstad. Hulterstad: A couple of hundreds of metres W of ‘““Tingstads 
flisor’’. 


Megistaspis (Megistaspidella) bombifrons n.sp. 
Pl. XI; Text-figs. 25 and 26. 


1949 Megalaspis rudis ANG. — BOHLIN (partim). 
1955 Megalaspis rudis ANG. — BOHLIN (partim). 
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Text-fig. 25. Megistaspis 
(Megistaspidella) bombifrons 
n.sp. Reconstruction of ce- 
phalon. , 


Hototypr.—U.M. No. Ol. 437. A mould of the external surface of the shell. 
Snout and left posterior wing partly missing. 

Locus Typicus.—Vassby, at the drainage ditch from the small lake of Marsjo, 
1 km E of the main road; parish of Féra, Oland. 

DerivaT1o Nominis.—From the strong swelling in front of the glabella. 

Diacnosis.—Cephalon triangular. Width at base of genal spines equal to 
distance from posterior border to base of snout. Snout long, narrow, slightly 
bent upwards. Genal spines thick, straight or somewhat curved, diverging out- 
wards. Glabella very flat, distinctly wider behind than in front, its length about 
14 of its posterior width. Segmentation almost obsolete (distinguishable in 
very oblique light). Strong frontal boss delimited postero-laterally by marked 
triangular depressions. Greatest width of preglabellar field twice the width of 
frontal lobe. Angle between anterior and posterior branches of frontal suture at 
eye greater than go°. Posterior border furrow broad and shallow, indistinctly 
delimited. Pygidium semi-elliptical, wider than long, broadly rounded posteri- 
orly. No border. Rachis flat, in its middle portion flush with the side lobes. 
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Text-fig. 26. Megistaspis (Megistaspidella) bombifrons n.sp. A and B, profiles of cranidia. 
The arrows point at the anterior end of the glabella. B 6 and «, transverse sections in front 
of the glabella and at the palpebral lobes (see 26B). — C, transverse section of the snout at 


about mid-length. A and B nat. size, ey enlarged. A, U.M. No. Ol. 427. B, U.M. No. 
Ol. 437 (Holotype). C , U.M. No. OL. 523. 


MarERIAL. 
free cheeks. 

DescrIPTION.—Cephalon elongate, triangular. Width at base of genal spines 
about equal to length excluding the snout (cf. Text-fig. 2). Total length in- 
cluding snout and genal spines probably more than 14 of the distance between the 
tips of the genal spines. Length of snout unknown but probably approximately 
as in the reconstruction (Text-fig. 25). Genal spines long, almost straight in 
some specimens (Pl. XI, fig. 6), in others somewhat curved (PI. XI, fig. 5). 

Glabella broad and flat, its sides distinctly converging forwards; length about 
14 of posterior width. Segmentation just traceable, all elements characteristic of 
the genus recognizable. Msz2 often more prominent than any other detail in the 
relief. S3 penetrating as far towards the middle as Sz, on either side occupying 
2 of the width of the glabella. Alae elongate, narrow, hardly visible upon the 
external surface of the test. The relief distinguishable in the type specimen is 
entered in the reconstruction, but somewhat exaggerated. 

The preglabellar field is elongate and comparatively narrow. Its sides form 
fairly even curves from the eye ridges to a point at a distance from the posterior 
margin of the cranidium about twice the length of the glabella; there, at a slight 
inward turn they pass into the almost straight sides of the long snout. The 
anterior extremity of the snout is not preserved in any of the specimens, but it 
is evident that the snout was slightly turned up anteriorly (Text-fig. 26). 


A great number of cranidia and pygidia; some fragments of 
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Immediately in front of the glabella there is a strong median boss, in the holotype 
seemingly extending over the entire width of the preglabellar field. In other 
specimens the boss proper is better delimited laterally. There are also specimens 
in which the boss is so vaguely delimited from the frontal lobe that it appears 
as an anterior continuation of the latter. In some specimens a blunt median 
ridge extends from the anterior margin of the frontal lobe over the boss, 
tapering forwards, and fading out in front of the boss, in one specimen in a 
shallow elongate depression in the anterior part of the preglabellar field. The 
periglabellar ridge is not always distinguishable. It is best seen in the holotype 
where at its ends it merges with the indistinctly delimited eye ridges. It is 
interrupted in front, where the boss is in contact with the frontal lobe. A charac- 
teristic feature of the species, by which it can be distinguished from related 
species from lower levels of the Vaginatum limestone, is a pair of large triangular 
depressions between the frontal boss, the frontal lobe, and the facial suture. 
These depressions may, however, be indicated also in M. gigas and M. obtusi- 
cauda as they evidently appeared as a consequence of the development of the 
frontal boss. In one specimen the depression is traversed by a doublure furrow; 
usually, however, there seems to be no impression of the posterior margin of 
the doublure upon the test of the cranidium. Eyes far back; anterior margins of 
palpebral lobes opposite the middle of the glabella. Palpebral lobes fairly large 
with almost flat upper surface, their antero-posterior diameter is about } of the 
width of the cranidium at the eyes and 3-4 of the distance from the lobes to the 
posterior border of the cranidium. Posterior wings triangular, delimited antero- 
laterally by almost straight posterior branch of facial suture. Posterior border 
furrow broad and shallow, delimited by a blunt ridge from the articulating rim. 

The free cheeks are narrow throughout, greatest width somewhat more than 
3 the width of cranidium at palpebral lobes. In side view the margins of the 
cephalon curve downwards in a long even sweep from the tip of the genal spine 
to the tip of the snout. Along the narrow border, however, the surface of the 
body of the free cheek is concave in antero-posterior direction so that in top view 
the outline of the cephalon was concave in this region. ‘The body is comparatively 
small. The anterior and posterior branches of the facial suture form at the eye 
an angle of about 105°, the anterior branch running straight forwards and out- 
wards from the eye. There is an indistinctly delimited depression in the pro- 
longation of the posterior border furrows. The anterior processes taper very 
slowly forwards, and their sides are evidently nowhere strictly parallel. On the 
sides of the snout they become very narrow, and face strongly outwards as the 
anterior part of the snout is oval in cross-section (Text-fig. 26C). ‘The doublure 
is closely adpressed to the lower surface of the frontal boss. The genal spines 
are long. At the base they are thick, their lower surface considerably more 
convex than the upper one. The surfaces meet in an outer and an inner edge the 
outer one of which is sharp and slightly turned upwards to form a marginal 
ridge. The internal edge disappears at a short distance from the base, towards 
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the tip also the external one, and the cross-section becomes almost cir- 
cular. 

The panderian organs are situated at the genal angle, below a point about 
halfway between the distal end of the ‘posterior wing of the fixed cheek and 
the external cephalic margin. They have a large opening antero-medially 
surmounted by an elevation with semicircular base, so that the openings seem 
to have been directed backwards and outwards. 

Thorax unknown. 

Some large pygidia found at the same localities as the cranidia described 
above undoubtedly belong to M. bombifrons. Outline semielliptical; width 
somewhat greater than length (cf. BOHLIN, 1955, Text-fig. 7C). Posterior end 
broadly rounded, in some specimens with slight indication of a border. At 
the level of the posterior end of the rachis the zone entered by the doublure is 
flat with a gentle slope, but becomes increasingly steeper anteriorly. Doublure 
only half as broad anteriorly as opposite the posterior end of the rachis. Rachis 
with about 25 rings, with straight sides converging backwards so that the width 
at the posterior end is only half of that in front. The rachis is extraordinarily 
flat: the part carrying the 6 (5~7) foremost rings delimited by distinct dorsal 
furrows and more or less raised above the side lobes; further back, from the 
7th (6th—8th) to about the 15th ring, the rachis is flush with the side lobes, from 
the 15th segment to the posterior end it is again slightly elevated but there 
are no distinct dorsal furrows. Ribs about 17. Rib furrows distinct but ending 
before reaching the rachis. Pleural furrows of varying depth but always compara- 
tively shallow. This description is valid for internal moulds. In the few specimens 
in which the test is preserved the relief can be so faint as to be almost indistin- 
guishable. This may, however, to a certain degree depend on the thickness of 
the shell. 

MEASUREMENTS.—Length of glabella 12.5 mm-—46 mm.— Length of pygidium 
40 mm-145 mm, width 43 mm—146 mm. 

Remarks.—M. bombifrons is known at present only from Northern Oland. 
In earlier faunal lists (BOHLIN, 1949, 1955) it was entered as “‘Megalaspis rudis’’, 
a determination based exclusively on the pygidium. Since the cranidium has 
been properly studied, it has turned out that the material collected in the upper 
divisions of the “‘Raniceps’”’ limestone is different from that collected in the 
lowermost, glauconitic part. In the list of 1949 the specimens from Tokenase 
Hamn (‘“Tokenas’’), ‘‘Marsj6” (red limestone), and Persnas (‘“‘Upper Raniceps’’) 
belong to M. bombifrons. Material, undoubtedly belonging to the same species 
was also found at “Norra udden” (S.G.U., coll. G. Hotm). The available 
material is large, and belongs without doubt to a single species. The frontal boss, 
from which the species derives its name, varies in its development, but is always 
present. Another characteristic feature are the depressions delimited medially 
by the boss and the frontal lobe and reaching the facial suture. By these char- 
acters M. bombifrons can be distinguished from the older forms of the Vaginatum 
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limestone. In later forms the cranidium resembles more that of M. bombifrons, 
though at least in M. gigas the depressions mentioned are far less pronounced or 
even lacking. 

In 1955 the author briefly discussed ANGELIN’s M. latilimbata. The cranidium 
figured by ANGELIN (PI. XIV, fig. 1) has a boss in front of the glabella, and the 
locality (Sandvik, Oland) is one, where M. bombifrons can be expected to occur. 
The type of M. latilimbata is lost, the figure, if correct, differs in other respects 
so completely from M. bombifrons that an identification with this species is 
impossible. It seems further as if ANGELIN for his reconstruction had used 
material belonging to different species. The free cheeks show a distant resem- 
blance to M. heroica (broad border and short sharply pointed genal spines), but 
again the differences are very great, and it can safely be stated that a form like 
M. latilimbata, whether the figured cephalon is combined from heterogenous 
material or not, does not occur in the large material at the author’s disposal. 
The detail from a pygidium (loc. cit. Pl. IV, fig. 3) suggests in an equally 
uncertain way M. heroica (the broad border). M. latilimbata should thus be 
definitely regarded as a nomen dubium. 

OccURRENCE.—Béda: Norra udden, Halludden (free cheek, pygidium), Toke- 
nase hamn. Hogby: W. of Hornsjén (only pygidia). Persnas: Gunnarslund, 
several localites in the area between Stenninge, Sandvik, and Knisa (only pygidia). 
Fora: Hjelmestad (only pygidia), Vassby (=‘‘Marsj6 kanal’ 1949). Koping: 
?Pinnekulla (only pygidium). 


Megistaspis (Megistaspidella) obtusicauda (BOHLIN, 1955). 
Text-fig. 27A. 
For synonyms, see BOHLIN, 1955, pp. 131 ff. 


Of this species several well preserved pygidia were collected, but the crani- 
dium is still insufficiently known. All that can be said about the latter at present 
is that it seems to resemble closely that of M. gigas, though the glabellar tubercle 
is evidently less pronounced. The hesitation is to a great part due to the fact 
that the type locality has yielded only a badly weathered fragmentary cranidium; 
a somewhat better specimen was found at Tokenas Hamn (a negative), but the 
pygidia from there are not well enough preserved to prove with full certainty 
the presence of the species. In 1955, p. 135, the locality was entered with a 
question mark (‘“Enerum?”’). 

MEasuREMENTS.—Length of pygidium 81 mm—118mm, width 7omm—105 mm. 

Length and width of the extraordinarily long specimen, BOHLIN 1949, Pl. I, 
fig. 1, 123 and 98 mm, respectively. 

OccuRRENCE.—Béda: Maderna, Tokenés hamn? (=Enerum BOHLIN, 1955, 
p. 135). Hégby: Horn. Persnas: Gunnarslund. Fora: ca. 500 m E of O. Vassby. 
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Text-fig. 27. A, ?Megistaspis (Megist- 


1 = B  aspidella) obtusicauda (BOHLIN). Sagittal 
section of cranidium. U.M. No. Ol. 
520. B and C. Megistaspis (Megista- 


spidella) gigas (ANGELIN). B, sagittal 
section of cranidium. C, transverse sec- 


tion at anterior end of glabella. U.M. 
ea pee Bi) fee?! GC No. D. 520. — All # nat. size. 


Megistaspis (Megistaspidella) gigas (ANGELIN, 1851). 


Pl. XII; Text-figs. 27 B, C and 28. 
For synonyms, see BOHLIN, 1955. 


In 1955 (pp. 135-137) M. gigas was discussed, and a neotype designated and 
figured, but a detailed description of the species was postponed till other species 
of Megistaspis could be revised. 

The material available at present is not quite satisfactory. There are several 
cranidia (all of them fragmentary and several of them badly weathered), some 
fragmentary free cheeks, a fragment comprising five thoracic segments and part 
of the pygidium, and a great number of pygidia, most of them fragmentary. 

DescripTIoN.—Cephalon triangular. Its exact form cannot be reconstructed 
from the remains, but was probably as in M. bombifrons, though the genal spines 
seem to have been slenderer than in that species. 

The glabella is moderately convex, its sides roughly parallel, its length about 
1} of its posterior width. Segmentation as in M. bombifrons though somewhat 
better marked. Prominent glabellar tubercle. Shallow occipital furrow, much 
wider (sag.) behind the glabellar tubercle than on the sides. Preglabellar field 
elongate, greatest width about twice that of frontal lobe, tapering gradually to 
a long snout which is distinctly bent upwards. Frontal boss varying greatly in 
size but always present; its width usually greater than its length. Some speci- 
mens with a fine median ridge extending from the frontal lobe over the boss 
onto the anterior part of the preglabellar field, at least to the point, where the 
snout begins to turn upwards. A cross-section in front of the glabella is more 
evenly convex than in M. bombifrons, and the depressions on the sides between 
the frontal boss and the glabella are indistinct. The palpebral lobes are large with 
a deep depression in their centre; distance from their posterior border to the 
posterior border of the cranidium in adult specimens 14 times the sagittal dia- 
meter of the lobes. Posterior marginal furrow well developed and fairly deep. 
Posterior wings slenderer than in M. bombifrons, with narrower (sag.) base. 

The free cheeks in the material are fragmentary, and most of them belong 
to small individuals. The body is comparatively large, its greatest width about 
half the width of the cranidium at the palpebral lobes. The genal spine is, in 
adult specimens, very slender and drawn out in a long fine point (in the speci- 
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Text-fig. 28. Megistaspis 
(Megistaspidella) gigas (AN- A 
GELIN). A, sections of py- 

gidia between postero-late- 

ral corners of facets. } nat. 

size. — I, U.M. No. Ol. 

816; 2, U.M. No. Ol. 522; 
enU.Ma Nos Olkie34. — B; 

sagittal sections of pygidia. 

% nat. size. Large specimen: 

R.M. No. Ar. 21770 (Neo- B 
type). Small specimen: U.M. 

No. Ol. 34. 


men PI. XII, fig. 4 it is evidently not complete). In cheeks of young specimens the 
spines seem to be comparatively heavier. 

In the thorax the relief of the segments is rather strongly pronounced 
(rachial rings prominent in relation to articulating half rings; pleural furrows 
deep). Internal portion of pleura narrow, in the posterior segments only 3 of 
the width of the rachis. 

Pygidium roundedly triangular; length somewhat greater than width (BOHLIN, 
1955, lext-fig. 7). A narrow border may be present at the extreme posterior end. 
Width of doublure in front 3 of width opposite posterior end of rachis. Rachis 
convex, distinctly delimited by deep dorsal furrows, more than twice as wide 
in front as at posterior end, lowered between side lobes, but its middle line 
forms the highest point in any cross-section; dorsal furrows slightly curved 
inwards. Rachial rings 24-27, their lateral portions prominent. About 18 ribs 
separated by deep pleural furrows; back of ribs, in most large specimens from 
Oland, rounded, and the rib furrows developed only distally; in small speci- 
mens (young individuals) and some large specimens that back of the ribs is 
flattened, or there are shallow furrows extending along the whole length of 
the ribs. 

MEASUREMENTS.—Length of glabella 13 mm-—47 mm.—Length of pygidium 
49 mm-110 mm, width 46 mm—98 mm. 

Remarks.—The material referred here to Megistaspis gigas is rather variable. 
The description of the cranidium above is based mainly on large specimens, 
the description of the pygidium in first hand on the neotype. Some adult speci- 
mens show minor peculiarities. A fragmentary cranidium from Vassby (U.M. 
No. Ol. 502), for instance, has a small rounded depression in front of the large 
frontal boss. Some pygidia, among them the neotype, are more flattened than 
others, this being independent of the size of the specimen (Text-fig. 28 B). 
Slight postmortal deformation may be responsible for this difference though the 
specimens are apparently in a perfect condition. 

Among the small specimens the variation is very pronounced. M. aff. gigas 
(U.M. No. ar. 4218, new number U.M. No. Ol. 31; Bouin, 1955, Pl. III, 
fig. 9) has a strongly convex frontal lobe divided anteriorly by a shallow longi- 
tudinal furrow (not visible in the figure, but identical with that in the large 
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specimen in Pl. XII, fig. 1 in the present paper); behind the frontal lobe the 
glabella is pinched, and a pair of depressions is formed which are bordered 
posteriorly by Li. As a whole the glabella resembles somewhat that of an 
Asaphus. The boss in front of the glabellais large and broad. Another slightly 
smaller specimen (U.M. No. Ol. 492) has a flattened glabella and a low frontal 
boss (PI. XI, fig. 3). U.M. Nos Ol. 31 and 492 are fairly well preserved moulds 
of small cranidia. They agree with each other and with the adult specimens in 
having a marked glabellar tubercle and fairly large eyes situated at the same 
distance from the posterior border. There are a number of small pygidia which 
agree well with M. gigas, only that the rib furrows can be traced almost to 
the dorsal furrow (1955, Pl. IV, fig. 5; cf. above). It thus seems as if the rather 
variable cranidia all belong to individuals with a pygidium of the Gigas type. 
More material is needed in order to decide, whether the differences are due to 
individual variation or whether M. gigas comprises several closely related forms. 
About the very small specimen, U.M. No. Ol. 30 (=U.M. No. Ar. 4217; 1955, 
Pl. III. fig. 8), see below. 

Three fragmentary cranidia and some pygidia are known from Dalarna (Siljan 
district). ‘The cranidium in Pl. XII, fig. 2, differs from the specimens from 
Oland in having a very large cranidial boss, almost circular in outline and de- 
tached from the frontal lobe (‘Text-fig. 27 B). ‘The specimen has a comparatively 
small glabellar tubercle which, however, may have been worn by weathering. 
In other specimens the tubercle is as strong as in any specimens from Oland. 
The available pygidia from Dalarna (4 specimens) have furrows on the ribs. 

The pygidia from Ljung, Ostergotland, are deformed, some even to such an 
extent that the ribs are almost effaced. No cranidia are known from that locality. 
The material was briefly dealt with in 1955 (BOHLIN, 1955, p. 134). 

OccurRENCE.—Dalarna (Siljan district). Orsa: Stenberg. Ore: Fjacka. Boda. 
Rattvik: Vikarbyn. Leksand: Sollerén. Ostergétland. Vreta kloster (erratic 
boulder), Ljung. Oland (see BOHLIN, 1955). Boda: Bjornnabben, E of Byxelkrok, 
Enerums alvar. Byerums Sandvik. Hégby: Binnerback. Persnas: Gunnarslund, 
Sédvik. Fora: Vassby (‘“‘Marsjo kanal’’). 


Young specimens 


In 1955 two cranidia from the Gigas limestone were figured (BOHLIN, 1955, 
Pl. III, figs. 8 and g). They differ considerably from each other, and were 
mentioned in the faunal lists as M. aff. gigas and M. sp. (p. 128). The most 
striking feature in the latter is the very narrow snout that could as well be called 
a spine. The glabella is strongly convex, and the eyes are large. In all these 
respects it differs from the adult M. gigas. The outline of the cranidium is 
roughly as in M. gigas, and as in this species there is a marked swelling in front 
of the glabella. 

At Hogsrum, in red beds with M. curvispina, a small cranidium was found. 


j 
| 
' 
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Again the spine-like snout, the convex glabella, and the comparatively large 
eyes as compared with fully grown specimens of M. curvispina. There is a slight 
depression in front of the glabella and no trace of a swelling. 

Finally, there are two small specimens with a similar convex glabella from 
the Upper “‘Raniceps’’ limestone at Fora. There is a frontal boss, and the frontal 
lobe is delimited on either side by a deep depression separated from the margins 
of the cranidium by a broad flat ridge, a feature present also in large specimens 
of M. bombifrons, though much less pronounced. The snout in both small speci- 
mens is broken off, and the eyes are damaged or completely broken off. 

All these specimens must belong to young individuals of respectively M. 
gigas, M. curvispina, and M. bombifrons. Otherwise there would have existed 
three small species differing from each other in roughly the same respects as 
do the associated large species. 
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Explanation of the Plates 


Plate I 


Fig. 1. Megistaspis (Megistaspidella) bombifrons n.sp. Detail of pygidium (cf. p. 163). The 
arrow marks the position of the left dorsal furrow. Upper “‘Raniceps”’ limestone. Ca. 1 km W of 
Horn (Hégsrum). x2. U.M. No. Ol. 507. 

Kiga2. Megistaspis (Megistaspidella) cf. bombifrons n.sp. Detail of pygidium (cf. Text-fig. 5). 
Upper “‘Raniceps” limestone. x2. U.M. No. Ol. 456. 

Fig. 3. Megistaspis (Megistaspidella) cf. bombifrons n.sp. Part of small fragmentary pygidium 
(cf. p. 163). Upper “‘Raniceps” limestone. O. Viassby (Féra). x 2. U.M. No. OL. 506. 


Plate II 


Fig. 1. Megistaspis (Megistaspidella) sp. (? aff. convexa). Pygidium. Structure of external 
surface of the test in the doublure zone (cf. p. 163). Lower (glauconitic) ‘‘Raniceps’’ limestone. 
Stenninge, quarry on the Alvar (Persnas). 8. Excursion collection 1947. U.M. No. Ol. 505. 

Fig. 2. Megistaspis heroica n.sp. Pygidium. Structure of external surface of the test on the 
border (cf. p. 163). Upper ‘‘Raniceps”’ limestone. O. Vassby (Féra). <8. U.M. No. Ol. 380. 

Fig. 3. Megistaspis (Megistaspidella) curvispina n.sp. Pygidium. Striation of the test at anterior 
end of rachis (cf. p.-163). Red “‘Raniceps”’ limestone. Lenstad (Torslunda). x 2. U.M. No. Ol. 465. 

Fig. 4. Megistaspis heros (DALMAN). Pygidium. Segmentation and structure of the test (mould) 
at posterior end of rachis. ‘““Taljsten’’, Kinnekulle (? = Lower “‘Raniceps’’ limestone). * 2. R.M. 
No. Ar. 47123. 


Plate IIi 


Fig. 1. Megistaspis (Megistaspidella) grandis (Sars). Lectotype. 3cy. Akersbakken, Oslo, Norway. 
Nat. size. O.M. No. 20139. 

Figs. 2-4. Megistaspis lawrowt (F. ScumipT). Cranidium. Lower “Raniceps’” limestone. 
Hagudden (Béda). x2. U.M. No. Ol. 486. — Fig. 2, front view. — Fig. 3, left side view. — 
Fig. 4, dorsal view. 


Plate IV 


Fig. 1. Megistaspis (Megistaspidella) cf. bombifrons n.sp. Part of corroded test with the base of a 
bryozoan colony, and “‘tubes’’ filled with calcite (cf. p. 164). 

Fig. 2. Megistaspis heros (DALMAN). Distal ends of the fourth and the fifth right thoracic 
pleurae. On the fourth pleura doublure and panderian organ. “Taljsten”’, Kinnekulle (? = Lower 
“‘Raniceps” limestone). 2. R.M. No. Ar. 47123. 

Fig. 3. Megistaspis heros (DALMAN). Lectotype. Red limestone, probably below the “‘taljsten’’. 
Vasterplana, Kinnekulle. Coll. DALMAN 1827. Ca. } nat. size. R.M. No. Ar. 14412. 


Plate V 


Fig. 1. Megistaspis heros (Daman). Plaster cast. “Taljsten. ” Kinnekulle (? = Lower ‘“‘Raniceps”’ 
limestone). Coll. O. Ramsay 1856. 4 nat. size. Original in the School Museum, Skara, Vaster- 
gotland. 

Fig. 2. Megistaspis heroica n. sp. Cranidium. Internal mould. Right side view. 3c, uppermost 
part. Grinaker, Gran, Norway. Coll. TH. MUnsTER 1893. * 2. O.M. No. 33199. Same specimen 


as Pl. VII, fig. 8. 
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Plate VI 


Megistaspis heros (DALMAN). Pygidium. Probably from the “‘taljsten”, Kinnekulle. U.M. 
No. Vg. 700. — Fig. 1, } nat. size. — Fig. 2, segmentation of anterior part of the rachis. 2, 


Plate VII 
Megistaspis herotca n. sp. 


Fig. 1. Free cheek. Doublure and panderian organ exposed. Upper “‘Raniceps” limestone. 
Viassby (Fora). Nat. size. U.M. No. OI. 385. o 

Fig. 2. Free cheek, partly with test. Upper “‘Raniceps’’ limestone. O. Vassby (Fora). Nat. size. 
U.M. No. Ol. 383. 

Fig. 3. Posterior part of free cheek with genal spine. Test partly preserved. Grey “‘Raniceps” 
limestone without glauconite. Sandvik (Persnis). Nat. size. U.M. No. Ol. 382. 

Fig. 4. Pygidium, partly with test. Upper “Raniceps’’ limestone. Vassby (Fora). Nat. ee 
U.M. No. Ol. 342. 

Fig. 5. Cranidium. Right eye and right posterior wing complete. Upper “‘Raniceps” idtnestones 
Byxelkrok (Boda). Nat. size. U.M. No. Ol. 361. 

Fig. 6. Cranidium. Grey “Raniceps” limestone with glauconite. Halludden (Béda). x2. U.M. 
No. Ol. 352. 

Fig. 7. Cranidium. Upper “Raniceps” limestone. Vassby (Féra). Nat. size. U.M. No. Ol. 332. 

Fig. 8 Cranidium. Internal mould. x 2. See Pl. V, fig. 2. 


Plate VIII 
Megistaspis (Megistaspidella) acuticauda (ANGELIN) 


Fig. 1. Cranidium with test. Expansus limestone. Power line, “pole VII”, N. of the main 
road, Greby (Rapplinge). U.M. No. Ol. 424. 

Fig. 2. Right free cheek. Incomplete genal spine. Doublure and panderian organ exposed. 
Expansus limestone. Tryggestad (Rapplinge). Nat. size. U.M. No. OL. 411b. 

Fig. 3. Left free cheek with test. Expansus limestone. Tryggestad (Rapplinge). Nat. size. U.M. 
No. Ol. 411. 
__ Fig. 4. Pygidium. Expansus limestone. Drainage ditch, Klinta (K6ping). Nat. size. U.M. No. 
Ol. 405. 

Fig. 5. Pygidium. Expansus limestone. Jordhamn (Persnis). 3 nat. size. U.M. No. Ol. 509. 

Fig. 6. Pygidium. Lectotype. Probably Expansus limestone, Oland. Nat. size. Coll. ? ANGELIN. 
R.M. No. Ar. 21763. 

Fig. 7. Hypostome. Expansus limestone. Tryggestad (Rapplinge). Nat. size. U.M. No. Ol. s1o. 


Plate IX 
Megistaspis (Megistaspidella) convexa n. sp. 


Fig. 1. Cranidium. Holotype. ? Lower “‘Raniceps” limestone. Skattungbyn, Siljan district, 
Dalarne. Nat. size. Coll. F. J. Blomquist. R.M. No. Ar. 9324. 

Figs. 2-3. Left free cheek. ? Lower “‘Raniceps’’ limestone. Silvberg, Boda, Siljan district, 
Dalarne. Nat. size. Coll. P. THorsLuND. — Fig. 2, dorsal view. — Fig. 3, side view. 

Figs. 4-5. Pygidium. ? Lower “‘Raniceps’”’ limestone. Leskusaing, Skattungbyn. Siljan district, 
Dalarne. Nat. size. Coll. E. Warsurc. U.M. No. D519. — Fig. 3, dorsal view. — Fig. 5, from 
the left side. 


Plate X 
Megistaspis (Megistaspidella) curvispina n. sp. 
Fig. 1. Left free cheek. Red “‘Raniceps” limestone. Lenstad (Torslunda). Nat. size. U.M. No. 
Ol. 484 c. 


__ Fig. 2. Cranidium. Red “Raniceps’”’ limestone. N. of the church of Hégsrum. x3. U.M. No. 
Ol. 480. 


Fig. 3. Cranidium. Holotype. Red “Raniceps” limestone. Lenstad (Torslunda). Nat. size. 
U.M. No. Ol. 481. 
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Fig. 4. Cranidium. Red “‘Raniceps’”’ limestone. N. of Nyttorp (Hégsrum). Nat. size. U.M. 
No. Ol. 482. 

Fig. 5. First (?) thoracic segment. Red ‘“‘Raniceps” limestone. Lenstad (Torslunda). Nat. size. 
U.M. No. Ol. 511. 


Plate XI 
Megistaspis (Megistaspidella) bombifrons n. sp. 


Fig. 1. Cranidium. Holotype. Photo of cast. Upper “‘Raniceps” limestone. O. Vassby (Fora). 
Nat. size. U.M. No. Ol. 437. 

Fig. 2. Cranidium. Combined from specimen and a cast of mould (tip of the snout). Upper 
“‘Raniceps”’ limestone. O. Vassby (Fora). Nat. size. U.M. No. Ol. 427. 

Fig. 3. Right free cheek. Upper “‘Raniceps”’ limestone. O. Vassby (Féra). Nat. size. U.M. No. 
OL 512. 

Fig. 4. Left free cheek. Panderian organ. Upper “‘Raniceps”’ limestone. Halludden (Béda). Nat. 
size. Coll. G. Hotm. S.G.U. 

Fig. 5. Left genal spine. Curved. Dorsal surface. Upper ‘“‘Raniceps” limestone. O. Viassby 
(Fora). Nat. size. U.M. No. Ol. 513. 

Fig. 6. Left genal spine. Straight. Lower “‘Raniceps”’ limestone. Gunnarslund (Persnis). Nat. 
size. U.M. No. Ol. 514. 

Fig. 7. Free cheek. Anterior part of doublure. Lower surface. Upper “‘Raniceps’’ limestone. 
Excursion collection 1947. O. Vassby (Féra). Nat. size. U.M. No. Ol. 515. 


Plate XII 
Megistaspis (Megistaspidella) gigas (ANGELIN) 


Fig. 1. Cranidium. Grey Gigas limestone. Byxelkrok (Béda). Nat. size. U.M. No. Ol. 493. 

Fig. 2. Cranidium. Gigas limestone. Fjaicka, Siljan district, Dalarne. Nat. size. Coll. P. 
‘THORSLUND. U.M. No. D. 520. 

Fig. 3. Cranidium. Gigas limestone. Enerum (Béda). Nat. size. Coll. Kirnc and Exstrom. 
U.M. No. Ol. 492. 

Fig. 4. Free cheek. Gigas limestone. Enerum (Béda). Nat. size. Coll. KLING and Exstrom. U.M. 
No. Ol. 516. 3 

Fig. 5 Craik to eighth thoracic segments. Gigas limestone. Gunnarslund (Persnis). Nat. size. 
U.M. ne Ol 517. 
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